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Abstract

This project updates the knowledge of
climatological conditions presented in the 1977
publication of this three-volume atlas. .Such
environmental information for the three Alaskan
marine and near-coastal areas is important for
resource development of the outer continental
shelf—The Guif of Alaska (Volume 1), the Bering
Sea (Volume il), and The Chukchi and Beaufort
Seas (Volume [l1) as shown on the map below.

.~ The maps, graphs, and tables in the atlas
present a detailed climatic profile of the marine
and coastal regions of Alaska. Statistics give the
means, extremes, and percent frequency of oc-
currence of threshold values for these elements:
wind, visibility, present weather, sea level
pressure, air and sea surface temperature,
clouds, waves, and such supplemental informa-
tion as storm surges, tides, sea ice, cyclone
tracks, surface currents, bathymetry, detailed
weather, and aviation weather. Data came from

4.5 million surface marine observations and
8.5 million observations for 66 coastal and
istand stations within the area 40°-84°N and
110°W-160°E, and provide the best possible
climatological picture of the outer continental
shelf waters and coastal regions qf Alaska.

' ) . 'T’J:"‘l"‘;"‘;-'
Introduction

The nature of man's offshore activities
depends to a large extent on weather condi-
tions. Knowledge of these conditions can help
insure efficient and safe operations. Extreme
weather conditions that may be encountered in
a given location largely determine the design,
construction, and operation of permanent plat-
forms and structures in the ocean as well as on-
shore support activities. This atias is usefut to
those engaged in shipping, national defense,
fishing, and applied research where a
knowledge of coastal and offshore climate is
essential. Weather information also aids in
assessing the onshore impact of offshore
activities.

This atlas is the result of a joint effort by the
Arctic Environmental Information and Data
Center (AEIDC), University of Alaska and the
National Climatic Data Center/National Oceanic
Atmospheric Administration (NCDC/INOAA) to
present descriptive climatology and data
analyses of surface marine and atmospheric
parameters for those waters and coastal regions
of the Alaskan outer continental shelf important
to resource development. It is designed to serve
as a climatological reference in the assessment
of potential impact by oil and gas exploration
and development and of leasing and operating
regulations and monitoring programs that will
permit resource development and insure
environmental protection.

The evaluation is in the form of a climatic
atlas for each of three marine and coastal areas:
The Gulf of Alaska (Volume l), The Bering Sea
(Volume 1), and The Chukchi and Beaufort Seas
(Volume Ili).

The first section in each volume contains
information on such hazards as storm surges,
superstructure icing, hypothermia, and wind
chill; extremes data on winds, temperature, and
precipitation; and planning information on sur-
face currents, bathymetry, sea ice, and tides.
The second section presents a detaiied climatic
profile in the form of isopleth analyses, graphs.
and tables.




J Section I:
Selected Topics in Marine
and Coastal Climatology

by James L. Wise and Lynn D. Leslie




I-1
160 170 65 18 V\\ (“ 1?{ \T; ] o -
S%\ﬂ/ 4 s 1 W\Q\'\/ N
( Nome \ »
g Buhta Providenja NORTON | unalakleet/p
a BASIN e
\77 o Northeast Ca /
// }/ / Ugol'naja ;;f
M #
/L Khatirka-In-Chukot {
,_60/0/ Romanzof %
% Vi
> "/x/
"\ N COOK "~
p A s - AN £ INLET —
1S :
NAVARIN \ 7 T Kine Samon - 1
BASIN \ apeNowenham \
a ST. GEORGE NORTH\ :
SIN ALEUTIAN
L ]
St. Paul
550 Ikoi'skoe “
\
B C
% .s ya
Nikotski
R
500 XN N2 %-k

Figure 1. MMS Lease Sale Areas




SE L
PO,Q’*D PENINSULA P
Clarence - =
/ | -
Ugot'naja
//
[
// &,
/ Cape Romanzot ”
. / goﬂpé'o
\ \/\ / Sst. mlnrt‘f‘\‘ew
- al
/ I =
1’ / \\\\ =
/ / & L e
/ i/ } Nunivak } P -
/ J?’ istand | e o
/ | opwt™ A = -
! @ KU K ) % ,/'r'\\,",' .
j % Goondnews /’ .\\\),‘\%’?} V¥ Eaad ,//( King Saimon
, et SO
/ "[ ! !i Cape Newenhame’, / (/ \\’(,;J\ - /
i 0 ! l\ P * S T:\“‘; . -
| [N | A
. 1 TOL | \ T e
g / R 3 @ St Paul ) BRIS v %\3\?4\ " e
E Pribiloflsiands ! Polt Held f\'l{ @‘\\i»/u
B / ) S ‘ S e
// | ! ’ 6.43‘5:
' | { W
t —— f ] S NG 3 L
\L | | WO
—— ! Il
/ T ' ) M i s
h e i
/ \ ° \ .
{ / I/ ]( 7 - 7 =355
f ; |\ OO | amak A% / /' Aleutian
/ T 2 ! Ialang  #Shemya . Islands
/ Umnak y ; ; /
/ A L E U ! lsland Unalaska j / Kiska
| Island i / taland ;
- Adak ‘sland o ’CQ Nikolski [ ] o
o ﬁéé o ° i / | lsana
= f 50+ / Amehitka | U o fhaak |
7L\ lstand | :
/ 175° T 1eb° 176°
17;0‘ 160 °

Figure 2. Place Names Map




MPPr

—y S —
-3

170‘ Gaz PR 11
Bathymetry in Meters Nome®™ " ) Legend
o 100 200 200 uhta Providerijayy #3 ' Unalakieet * [::] 0-200
| et p— s — -
(h)MLES " “ NortheastCape [ 2011600
— T ‘ 1 1601-2800
KILOMETERS B ) ° 2801-520

Khatirka-In-Chukot .~~~ - (01-5200
Source: USGS 1:2.500.000 Open File hatirka-ln Chja"‘//\_so ° canch ‘ L1
Bathymetry Series. 76-821. 76.822, - | CapeRomanzof ¢ A o0+

76-823, Glen Schumaker.

/M../
A =

NN

L J
King Saimon




Currents of the Bering Sea

1-5

North Aleutian Shelf

The primary flow of water into the Bering
Sea originates at Unimak Pass. The source
water of this flow isthe Alaskan Coastal Current,
from south of the Aleutians. Within the pass and
north of Unimak Island, much of the coastal cur-
rent is entrained into the wind-driven flow along
the north Aleutian coast. Typically, this current
flows to the northeast into Bristol Bay in the
direction of the prevailing wind, following
bathymetry contours along the coast. At times,
the north Aleutian coastai current will undergo a
reversal in direction due to changes in the large-
scale and mesoscale wind direction. Because
winds are highly variable, their contribution to
net circulation is difficult to quantify, but the
alongshore component of winds is highly cor-
related with both onshore and alongshore com-
ponents of surface and subsurface currents.

Sea level changes on either side of Unimak
Pass due to storm track and pressure cell move-
ment are probably responsible for the fluctua-
tion of magnitude and direction in the flow
through the pass, which at times is southward.
These reversals are more likely to occur when
the flow from the seasonally variable Alaskan
Coastal Current, from the Gulf of Alaska, is atits
minimum. The shoaling bottom through Unimak
Pass gives rise to vertical turbulence and mixes
the water column.

On the north Aleutian shelf, the net north-
easterly flow of approximately 1-56 cm/s is pres-
ent within the coastal zone (Baker 1983; Cline
et al. 1982; Thorsteinson 1984). This current is
believed to be continuous with a weak current
past Nunivak Island (Kinder and Schumacher
1981). Near Port Moller, currents have smaller
magnitudes and do not intensify near the coast.
Close inshore, within 50 km, currents ranges
from 1to 6 cm/s (Kinder and Schumacher 1982).

A weak mean flow shows a cyclonic tend-
ency around the perimeter of Bristol Bay, with
maximum speeds (roughly 3.5 cm/s) found near
and inside the 50-m isobath and in the coastal
domain. Mean speeds observed in the central
shelf domain were less than 1.0 cm/s, with no
sense of an organized circulation (Kinder and
Schumacher 1981). There is apparently a net
westward convection of water from the cantral
basin of Bristo! Bay into the Beriny, Sea.
However, flow in this central region is highly
variable, atmospherically forced, and difficult to

quantify. Coastal waters along the northern
boundary of Bristol Bay, also called the coastai
current, continue to follow the bathymetry. The
coastal current flows northwesterly into the Ber-
ing Sea and then northerly along the
Yukon/Kuskokwim Delta. Thus, the fundamental
circulation in outer Bristol Bay consists of a
typically unclosed, counterclockwise gyre open
to the Bering Sea and driven by a combination of
wind, tide, estuarian, and thermohaline effects.

Ninety to ninety-five percent of the velocity
variance within the bay is tidal, with tidal cur-
rents anorder of magnitude fargerthanthe mean
flow. For example, on the north Aleutian shelf,
where net currents are only 1-5cm/s and the
typical wind-driven currents are approximately
10 cm/s at 5 m, the tidal currents are 40-80 cm/s
or more (Thorsteinson 1984). Turbulence result-
ing from tidal currents causes mixing of the
water column from the bottom to about 50-m
above the bottom. Tidal currents in Bristol Bay
are nearly reversing along the Alaska Peninsula
and become more cyclonic and rotary offshore.
National Ocean Survey current tables show a
change in maximum ebb currents from 20-25
cm/s up to 30-40 cm/s in June near Amak Island.
Near Port Moller, the tidal current speeds are as
high as 100 cm/s (U.S. Department of Commerce
1980). At a depth of 2m the calculated tidal
residual current is approximately 3-4cm/s,
spatially highly variabie, and directed to the nor-
thwest {Leendertse and Liu 1981).

Kinder and Schumacher (1981) identified
three separate hydrographic flow regimes in the
southeastern Bering Sea. The Coastal regime is
present inside the 50-m isobath in the vicinity of
Nunivak Island. it is characterized by generally
warm, low saline, vertically well-mixed water
which has typical currents on the order of
2-5cm/s toward the northwest. The Middle
regime is present in the central Bristol Bay
region, where water depths are on the order of
50 to 100 m. It is divided from the coastal regime
by a front with an enhanced salinity gradientand
is characterized by a strongly stratified, two-
layered structure extending approximately to
the 100-m isobath. Mean flow is general'y less
than 1 cm/s, with no characteristic vector-mean
direction. The Outer hydrographic region is
divided from the middle region by a front along
the 100-m isobath and is present out to the shelf
break in the open waters beyond Bristol Bay. A
fine vertical structure separates surface layers
from the deeper, more well-mixed layers. The
vector-mean current in this regime is directed to

the northwest, with magnitudes on the order of
1-10 cm/s and a statistically significant cross-
shelf component of about 1-5 cm/s.

Yukon Delta

The dominant current near the Yukon Delta
is the northward flowing Alaskan Coastal Water.
The current is thought to bifurcate at the north-
west corner of the delta, with one fork flowing in-
land, toward Norton Sound, and the remaining
flow continuing northward (U.S. Navy 1958).
Local and seasonal effects can produce variabil-
ity in the prevailing flow directions. In winter.
when winds are from the north, flow offshore of
the delta can actually reverse for days or weeks
at a time (Aagaard and Coachman 1981). This
situation accounted for the Hlow of the Alaskan
Coastal Water about 30% of the time between
September 1976 and March 1977 (Zimmerman
1882). The surface currents otfshore of the deita
tend to flow in the same general direction as the
synoptic and mesoscale winds, fromthenorthor
northeast in winter and from the southwest dur-
ingopen water season. Thetypical summerwind
frequently produces downwelling and shore-
ward transport of water, whichresultsinaraised
water level and increased wave energy near the
coast.

Norton Sound

The currents in Norton Sound are domi-
nated by regional wind and surface pressure pat-
terns. The highest observed flow was measured
at about 50 cm/s; flow decreased with increas-
ing depth (Muench 1981). These atmosphere-
driven flow events may differ from the mean flow
and produce uncertain, intermittent variability in
the circulation pattern. Oceanographic data
from the mouth of Norton Sound indicate a net
northward water transport, with strong seasonal
differences in movement rates. Currents
between the mouth of the sound and
St. Lawrence Island to the west are characteriz-
ed by somewhat pulsive north-south flow events
having speeds of50-100 cm/s(Muench, Pearson,
and Tripp 1978). These speeds contrast with re-
ported mean flow rates of 15 cm/s observed in
relative synchrony with major meteorological
events. The mean circulation pattern within the
sound is cyclonic in character(Drake et al. 1980).
A typical feature is westerly flow of water mass,
varying in extent and intensity over time, along
the northern coast (Cline, Muench, and Tripp
1981). The tidal component in the soundison the
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order of 50 cm/s and reverses either diurnally or
semidiurnally. The reversals are roughly north-
east/southwest within Norton Sound.

The upper- and lower-layer circulation is
decoupled in the eastern sound, but less so in
the western sound, where there is a monotonic
decrease in speed along with a slight rotation of
flow as depth increases. Northwesterly surface
flow rotates to westerly near the bottom. In sum-
mer, easterly flow enters the sound along its
southern shore, curves cyclonically to the north,
and is then deflected to the west at the north

coast, roughly following the bathymetry. This
flow varies in intensity and extent from year to
year. In the summer of 1979, a westerly mean
flow paralleled the coastline and was super-
imposed upon a highly variable flow which
included reversals (Muench 1981).

Bering Strait

The Bering Sea is chaacterized by an open
shelf south of St. Lawrence Island. Mean cur-
rents are variable in direction and range from 1 to

4 cm/s, with the tidal current accounting for
55 (£ 31)% of the fluctuation (Coachman, Salo,
and Schumacher 1983). Near St. Lawrence
Island, the Bering Sea narrows into two straits,
the Shpanberg and Anadyr. North of the island
the two straits merge to form the Bering Strait.
Circulation here is dominated by a northward
mean flow ranging from 4 to 15 cm/s, with very
small tidal influences 24 (x13)% variability
(Coachman, Salo, Schumacher 1983). Flow in
both the Anadyr and Shpanberg is to the north,
approximately parallel to the local bathymetry.
The flow appears to come from around botn ends
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Bering Sea surface currents. Numbers
indicate mean speed in cm/s. Arrows
depict flow as follows:

4——  Prevailing current direction

4-—-  Variable current direction
Bering Sea surface currents synthesized from
Arsen’er 1967 Goodman et al. 1942; Kinder and
Schumacher 1981; LaBelle 1983; Marine Advisory
Program. University of Alaska: Notorov 1963:
Peilto 1981. Takenout: and Ohtahi 1974; and U.S.
Navy 1877

of St. Lawrence Island. Frequent reversals are
coincidental with meteorological events. These
reversals can affect the flow over vast regions
covering thousands of square kilometers. The
presence of ice appears to dampen the impact of
wind stress forcing. The major driving force for
the northward flow through Bering Strait is the
sea surface sloping down to the north (Aagaard
and Coachman 1966). A slope of 2x10-"° is
associated with average summer northerly
transport of approximately 1.6 x10° m*/s. The nor-
mal condition is, thus, one in which sea level in
the southern Chukchi Sea (in summer) is about

0.5 m lower than in the northern Bering Sea. Ama-
jor cause of variations in the sea level difference
must lie in fluctuations of the regional wind
distribution. It is also possible that the at-
mospheric pressure field may itself directly
modify the oceanic pressure field (Aagaard,
Coachman, and Tripp 1975).

An examination of recent meteorologic data
(Aagaard and Coachman 1981) showed the
following results. In every case of southerly flow
through the Bering Strait, the large-scale atmos-
pheric pressure patterns were the same. One day
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before a peak in southerly flow, a strong low-
pressure system was centered some distance to
the southeast of Bering Strait in the area of
Bristol Bay, Kodiak, Anchorage, and the northern
Gulf of Alaska. At the same time the Siberian high
was centered some distance west or west-
northwest of the strait. The isobars signitying the
strongest pressure gradient between pressure
centers were located precisely over the Bering
Straitregion. Most significantly, they had anearly
north-south orientation which extended from
over the Chukchi Sea south into the central Ber-
ing Sea—completely across the northern Bering
Sea shelf. If the north-south orientation of the
isobars did not extend totally across the northern
sheif or if the isobars were oriented northeast-
southwest (the nearest typical configuration),
strong southerly flow events did not occur.

The mechanism which drives major south
flow events now seems clear. Strong north winds
must develop over the entire northern Bering Sea,
not just over the immediate region of Bering
Strait. Large-scale, strong atmospheric pressure
cells are required: a low far io the southeastanda
high well to the west. The strong northerly winds
generated thereby move water southward off the
entire northern Bering Sea shelf. Removal of suf-
ficient water off the northern shelf generates a
sea-level slope down to the south—sea-level
slope has been shown to be the major force
driving transport through the strait (Coachman
et al. 1975). This, together with the strong north
winds caused by the east-west atmospheric
pressure gradient, drives enhanced southerly
transport. These conditions apparently require
about one day to develop, so that maximum south
transport occurs the following day. Because the

system behaves to amarked degree as a coherent
unit, water levels at both St. Lawrence Island and
Cape Lisburne fall together and are nearly in
phase with the transport.

Northward transport stands in contrast to
the southerly transport events. Periods of north-
erly flow tend to be more persistent and not so
great in magnitude, nor do they show the marked
episodic character of the southerly flows. The
greater persistence of northerly flow must reflect
the basic driving force, a higher sea level in the
Bering Sea than in the Arctic Ocean (Coachman
et al. 1975), which still remains unexplained.
There were, however, a number of relatively rapid
northward accelerations of transport during the
seven months of record which appear to have two
basic causes:

(1) After strong south transport events,
rapid accelerations commonly occur which can
be thought of as compensatory. When atmos-
pheric conditions causing the southerly trans-
port event dissipate, water is not being removed
from the northern Bering shelf, but there is still
voluminous southerly transport in the system.
Water ‘“‘piles up” in the region around
St. Lawrence Island and Norton Sound, a condi-
tion reflected by a strong, positive difference in
water level. Following this by about one day, a
strong northward acceleration occurs.

(2) Occasionally, major northward accel-
erations appear to be, at least in part, directly
driven by atmospheric conditions. Specifically,
these are a strong low pressure centered in the
western Bering Sea southwest of Bering Strait,
or a deep trough from the central Aleutians

toward the northwest, so that the isobars in the
strong pressure gradient are directed northward
from the central Bering Sea along the axis of the
system. This configuration creates strong,
southerly winds which can move water from the
central Bering Sea onto the northern Bering Sea
shelf, raising the water level in the vicinity of
St. Lawrence Island and enhancing the sea-level
slope down to the north.

Central Bering

West and northwest of the North Aleutian
Basin and Yukon Deilta lies St. George Basin,
the Central Bering Sea, and still further west, the
Navarin Basin. Circulation in these regions is
not as well understood as in the coastal basins.
Fewer studies have been conducted in the off-
shore Bering. Data are site-specific and
sporadic over decades. No consistent flow pat-
terns have emerged as representative of the
regional circulation. In fact, there is little con-
sensus among investigators that the principal
flow is north-south, east-west, or cyclonic or
anticyclonic in nature (See WNatarov 1963;
Arsen’ev 1967; Tak enovti and Ohtani 1974:
Goodman 1942; Ratmanov 1937). The northward
flowing, eastern boundary current is roughly
balanced by a southward flow along the Soviet
coast. Within the central region, flow is probably
dominated by the location and strength of farge-
scale atmospheric pressure cells. Response
times, directions, and persistence are probably
of a similar scale as those controlling tlow
through the Bering Strait (Aagaard and
Coachman 1981). Thus, a dominant regional
flow pattern is not readily observed nor easily
quantified.
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Sea lce

Introduction

The annual cycle of formation and dissipa-
tion of sea ice in Alaska waters has widespread
effects onanumberof phenomena. Whentheice
forms, the coastal climate changes in character
from maritime to continental with much colder
temperatures and lower humidities than would
be the case if open water were present. The ice
also interferes and even stops water transporta-
tion with the possible exception of icebreakers
and other specially designed ships. It makes the
cleanup of oil spills difficult, if not impossibie,
by hampering the operation of cleanup equip-
ment and by trapping oil under the ice. Sea ice
also has important effects on the life cycles of
living creatures in and near the sea.

In the Bering Sea, the sea ice generally
begins as fast ice formation along the shores of
the Seward and Chukotsk peninsulas in
October. As the season progresses and waters
in the more open portions of the Bering Sea cool
off, the pack ice generally begins its seasonal
southward formation in November. An esti-
mated 97 % of the ice in the Bering Sea is formed
within the Bering Sea (Leanov 1960); very little is
transported south through the Bering Strait.
During periods of increasing ice and prevailing
northerly winds, the ice apparently is generated
along the south-facing coasts of the Bering Sea
and moves southward with the wind at as much
as 1 knot before meiting at its southern limit
(Pease 1971). During periods of southerly winds,
ice coverage generally decreases in the Bering.
Prevailing winds can persist in one direction for
weeks at a time in winter in the Bering Sea,
causing a wide variation in ice cover from month
to month and from year to year(see Figure 6 and
map set 17, Section Il of this volume).

Recurring Leads and Polynyas

Wind and current stresses on the ice can
cause tension or divergence and open relatively
narrow, long stretches of open water in an other-
wise dense ice cover. in the absence of strong
currents, the wind induces leads which run
perpendicular to the wind direction. Flaw leads
generally occur just seaward of the stable fast
ice zone when strong offshore winds develop.

In the Bering Sea a wind-induced polynya
(Figure 8) immediately south of St. Lawrence
Island is a frequent but undependable feature
(McNutt 1981; Wohl pers. comm.). Northeriy
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Figure 6. Recurring Polynyas

winds cause the polynyato formin the lee of the
island as sea ice is advected to the south. The
polynya can extend more than 160 km and is fre-
quently covered with thin ice. However, the
feature is temporal, and a wind shift to southerly
flow can close this area rapidly. At such times, a
corresponding polynya to the north of
St. Lawrence Island is sometimes observed, but
itis generally much smaller and occurs less fre-
quently.

A polynya can form on any side of Nunivak
Island, depending upon the prevailing wind
direction. Usually the feature is located to the
north or south, under southerly or northerly
winds, respectively. Like the polynya off

Synthesized from: McNutt 1981, Stringer, Barrett. and
Schreurs 1980. Woh( 1982

St. Lawrence Island, the appearance of this
polynya is variable, but it 1s usually observed at
least once each year, often more. Its extent is
variable, and thin ice commonly covers the
polynya quickly during coid, northerly wind
storms.

The polynyas shown for Norton Sound,
Bristol Bay, and Kuskokwim Bay were taken
from Stringer, Barrett, and Schreurs (1980).
These features were mapped from LANDSAT
scenes collected between 1973 and 1976.
Generally, the major polynyas in these areas
open In response to northerly winds, which
cause all but landfast ice to move toward the
south. As the polynyas are opened by the wind,
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new ice forms and is, in turn, advected south-
ward. This mechanism for new ice production
can be very efficient under the proper cir-
cumstances (Pease 1980). None of the polynyas
can be considered even semipermanent since a
reversal in the wind direction can completely
close them. Furthermore, many of the areas
shown are partially covered with very thin ice
when the northerly winds bring below-freezing
temperatures.
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Fast Ice and Shear Zones

According to World Meteorological Organi-
zation seaice nomenclature, fasticeincludesall
ice that has become attached to the shore, even
multiyear pack ice. A common feature at the
seaward boundary of the fast ice is an area of
shearridges. Shearridges in the Bering Seatend
to be more localized and of lesser extent and
magnitude than farther north. Figure 7 shows
the various kinds of ice near shore. Bering Sea
ice does not have any multiyear ridges. The ac-
companying fast ice boundary maps, from the
Alaska Marine Ice Atlas, were synthesized from
Stringer, Barrett, and Schreurs (1980).

g

P

Any significance accorded to trends appar-
4 ent on these maps must be tempered by consid-
eration of the variability exhibited in the
ice-edge data. At some iocations, theedge of the
fast ice varies considerably in position during
each period. Although the average edges along
the coast show a temporal trend, it has only
minor significance. In other locations, the
variability of the fast-ice edge of each period is
small compared to the changes in the average
| position from period to period (Stringer 1981).
The intraseason and interseason variability of
the fast-ice edge are very dependent on the
meteorology and associated wind patterns as
] well as the offshore bathymetry. Although the
prevailing winds in winter are generally north-
easterly, there are often periods of a week or
more with southerly winds. During northeasterly
winds, shore leads and polynyas openup,only to
be closed again when winds shift to south or
southwest. Also, the high tide ranges in Bristol
Bay and along the coast south of Norton Sound
y tend to break up extensive areas of fast ice,
except where it is grounded on mud fiats or
offshore shoals.
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Tides

The practical study of tides, aimed at pre-
dicting surface elevations and times, involves
the empirical treatment of observations made at
the desired location over an extended period of
time. The motion of the heavenly bodies, par-
ticularly the sun and the moon, relative to the
earth is known with great precision, so the tide
generating potential at any place and time can
be computed. Mathematicaily the potential can
be resolved into a finite number of strictly
periodic components which, upon addition, pro-
duce the total potential of hundreds of tide-
generating components that are listed by
various authors. Many of the components are of
insignificant amplitude and can be exciuded
from consideration. Iin practice only seven com-
ponents are widely used: four semidiurnal (M,,
S,. N, K)) and three diurnal components K,O,
P) (MclLellan 1965). The names and relative
weights of these components are shown in
Figure 15.

Theoretical models of tides must be verified
on the strength of observations at tidal stations
where the tide wave has been distorted through
passage over a continental shelf of complex
topography. The nature of tides in a particular
area is highly dependent on the bathymetry,
shape, and direction of the coastline and
latitude. In the Bering Sea in the last 10 years
there have been a large humber of presure gauge
and current meter observations taken so that

tides can be modeled with a high degree of
acuracy. The following discussion paraphrases
material contained in Pearson, Mofjeld and
Tripp, 1981 in which theoretical tide model
results are compared to observations. The tides
most concerned with are the principal tidal con-
stituents N, and M2 inthe semi-diurnal band and
O and K in the diurnal band. Ordinarily the S;
would beincluded in the discussion, however, S
is anonymously small throughout the Bering
Sea, possibly because it has smallamplitudesin
the adjacent North Pacific Ocean. The com-
plicated distributions of semi-diurnal and diur-
nal tides in the Bering Sea produce arich variety
of tidal types, ranging from fully semi-diurnal in
some regions to fully diurnal in others.

The tide wave enters the Bering Sea as a
progressive wave from the North Pacific Ocean,
mainly through the central and western
passages of the Aleutian-Komandorski Islands.
The Arctic Ocean is aminor secondary source of
tides which propagete southward into the north
Bering Sea where they complicate the tidal
distributions.

Tides inthe Bering Seaare considered to be
the result of cooscilation with large oceans.
Once inside the Bering Sea, each tidal consti-
tuent propagates as a free wave subject to Cor-
iolis effect and bottom friction.

1-15
NAME OF COEFFICIENT

SYMBOL PARTIAL T\DE RATIO

M, Principal Lunar 100.0

S, Principal Sotar 46.6

N, Larger Lunar Alliptic 19.2

K, Luni-Solar Semi-Diurnal 127

K, Luni-Soiar Diurnal 58.4

O, Principal Lunar Diurnal 415

P, Principal Sotar Diurnal 19.4
Contracted from table 15.1,
Elements of Oceanography (McLellan 1965).

Figure 15. Major Tide Components

The tide wave propagates rapidly across
the deep western basin. Part of it then pro-
pagates onto the southeast Bering shelf where
large amplitudes are found along the Alaska
Peninsula and in Kvichak and Kuskokwim Bays
(Figure 17). Another part propagates north-
eastward past St. Lawrence {sland and into Nor-
ton Sound. Overmostofthe Eastern Bering Shelf
region the tide is mainly semi-diurnal, butin Nor-
ton Sound diurnal tides predominate. Over the
remainder of the Bering tides tend to be mixed.
In the Aleutians diurnal rather than semi-diurnal
components are stronger.
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Storm Surges

Storm surges are waves oscillating in the
period range of a few minutes to a few days,ina
coastal orinland water body, resulting from forc-
ing from atmospheric weather systems (Murty
1984). By this definition, wind-generated waves
(often referred to as wind waves) and swell,
which have periods of several seconds, are ex-
cluded. The spectrum of storm surge waves is
centered around 10- " cycles per second (CPS),
which gives a period of about three hours. How-

ever, depending mainly on the topography of the
water body and secondarily on other param-
eters, such as the direction of movement of the
stonn, strength of the storm, stratification of the
water body, presence or absence of ice cover,
and nature of tidal motion in the water body, the
periods of the water level oscillations may vary
considerably. Even in the same water body,
storm surge records at different locations can
exhibit different periods.

Although storm surges belong to the class
known as long waves, as do astronomical tides
and tsunamis, there are at least two important
differences. First, whereas tides and tsunamis
occur on an oceanic scale, storm surges are
simply a coastal phenomenon. Second, signifi-
cant tides and tsunamis cannot occur in an en-
closed, small, coastal or inland water body. but
storm surges can occur even in lakes, or in
canals and rivers. The range or height of a storm
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surge depends not only on characteristics of the
storm but also on the topography onshore and
bathymetry offshore. Shallow water bodies
generally experience surges with greater
ranges. Also, the height of astorm surgeislessif
the sea fioor is steep than if there is a shallow
slope tothe sea floor(Murty 1984). Storm charac-
teristics that effect the height of a surge include
atmospheric pressure; wind speed, direction,
and length of fetch; the latitude; and the direc-
tion and speed of storm movement. Air and
water temperature differences also affect the
height of surges.

Following is a discussion of the storm
surge potentials from astudydonein 1981 (Wise,
Comiskey, and Becker), supplemented by storm
statistics since then (NOAA Storm Data,
1981-1986) and a modeling study for surges in
Norton Sound (Wise, Comiskey, and Becker
1981; Kowalik and Johnson 1985).

Along the southwest and south coasts of
the Seward Peninsula the terrain is generally of
moderate retief, with the exception of Port
Clarence and the east end of Norton Sound. The
waters offshore are shallow with a gently
sloping sea floor. The open waters of the Bering
Sea provide a long fetch for the development of
storm waves. Sea ice restricts the development
of storm waves from about the first of December
to the first of June on the average; however,
there can be a high degree of annual variability.
Of 13 known fiooding events in Nome, all except
two occurred in the fall. One destructive storm
for which little factual information is avaiiable
occurred in April 1906, and another occurred in
July 1969. Surges above 4 m (12 ftyhave occurred
along this section of coast. The most recent was
in November 1974; a 3 m (10-ft) surge brought
water into the town over the sea wall. This par-
ticular storm caused widespread flooding all
along the Bering Sea coast.

With the exception of the Shaktoolik River
mouth, which is of low relief and marshy, the
coast at the east end of Norton Sound is
generally rugged due to the proximity of the
Nulato Hills. The south coast of Norton Sound is
generally of low relief. The sound itself is
shallow, with a gently sloping sea floor that is
very favorable for the development of storm
surges. The range of wind directions for the
development of storm surges is limited to west-

southwest to west. However, the east end of
Norton Sound often experiences minor flooding,
despite unfavorable winds, due to rising sea
levels all over the sound.

A storm surge modeling study (Kowalik and
Johnson 1985), determined that for the
November 1974 storm the highest surge in
Norton Sound was in Norton Bay, with a
modeled surge of more than 3m (10 ft). The
same study also determined that negative
surges of more than a meter can occur in the
eastern end of Norton Sound in the presence of
strong, persistent northeast winds in winter with
anice cover present. The winds tend to move the
pack ice away from the shorefastice and reduce
ice cover from 0.7 or 0.9 coverage to less than
0.55 coverage over much of Norton Sound.

Eleven of the twelve storm surge cases at
Unalakieet occurred in the fall; the other was in
July. Seaice and shorefast ice limit the fetch for
the development of positive storm surges from
about the first of December to the first of June.

The shores of Pastol Bay and the north
coast of the Yukon River deita do not have iong
fetches favorable for the generation of waves
and storm surges. However, this area ex-
periences surges due to increases in the height
of the water in Norton Sound. The remaining
coast of the Yukon Delta is exposed to the open
waters of the Bering Sea, where conditions are
very favorable for the development of storm
surges due to low relief onshore, shallow water
offshore, and thousands of miles of open sea.
Most surges causing property damage occur in
the fall or in August. However, early summer
surges can be very hard on nesting birds in the
salt flats. In June 1963 80% to 90% of the black
brandt production was lost dueto flooding ofthe
nesting area after eggs were laid.

The coastal area is generally of low relief
from the Kuskokwim Delta to Goodnews Bay,
with numerous lakes, sloughs, and marshes.
From Goodnews Bay to the Nushagak Peninsula
the coastlineis morerugged due to the proximity
of the Ahkiun Mountains. The remainder of the
coastline of Bristol Bay is similar to the stretch
from the Kuskokwim River t¢ Goodnews Bay. Of-
fshore the shape of the sea floor is conducivn to
the formation and enhancement of storm
surges. From Goodnews Bay northward an ade-

quate fetch can be generated with storm winds
from south through v.est to northwest. East of
Gocduews Bay, westsouthwest to west are the
only directions from which an adequate fetch
can develop.

Autumn and late summer are the seasons
for destructive storm surge flooding in this area.
There are ten known cases of storm surge
flooding of populated areas; seven were in
autumn andthree were in August. Two storms, in
November 1979 and in August 1980, account for
most of the factual reports of storm surge
flooding. The November 1979 storm caused
storm surge flooding from Cape Newenham to
Scammon Bay. Surges were estimated at 2.5 m
(8 ft) in exposed locations in the Kuskokwim
Delta. The storm was on a track from west-
southwest to eastnortheast, and a long fetch ot
more than 640 km (400 mi) developed with the
storm. The August 1980 storm, one of the few
summer flooding events, caused fiooding on the
shore of Bristol Bay. The storm was on a track
from south-southwest toward north-northeast
from near Atka Island, in the Aleutians. to
Kuskokwim Bay. Exposed locations showed
surge flooding up to 4 m (12 ft).

The coastal area from Hooper Bay to Kinak
Bay is a favored nesting area of migratory birds
in the spring and summer. Minor storm surges
that cover nests in this area at the wrong time
can be detrimental to the annual production of
several species of birds. Five cases of minor
summer flooding of the salt flats were docu-
mented in an annual report for the Clarence
Rhode National Wildlife Refuge (USFWS 1964).
One event (June 22, 1963) caused a loss of black
brandt offspring estimated at 80% to 90% of the
year’'s production.

Most of the north shore of the Alaska Penin-
sula east of Cold Bay is favorable for the occur-
rence of storm surge flooding, with low, marshy
terrain onshore and a moderately sioping sea
floor offshore. West of Cold Bay the Aleutian
Islands and the south shore of the Alaska Penin-
sula conditions are not favorable due to rugged
terrain onshore and steep ocean floor offshore.
The only storm surges discovered in this area
were at Meshik, or Port Heiden, and St. Paul.
Damage to structures in this area is more likely
to be from strong winds and beach erosion
caused by wave action than from flooding.
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Structural icing on ships, offshore struc-
tures, and port facilities is awintertime hazard in
open waters and coastal sections of Alaska. The
icing causes slippery decks, renders moving
parts inoperable, and, in extreme cases, causes
uneven loading and raises the center of gravity
on small ships. Accumulation of ice on rigging
and on deck equipment such as crab pots also
increases wind effects because a larger surface
area is presented to the wind. Ice forming on
structural surfaces above or close to a body of
water arises principally from sea spray (Nauman
and Tyage 1985; Liljestrom 1985, with lesser
amounts from atmospheric precipitation (freez-
ing rain and wet snow) and fog(arctic sea smoke,
white frost, black frost). Sea spray, the most
dangerous source of icing, is produced by the
breaking of waves against obstacles such as
ships’ hulls, other floating objects, shore struc-
tures, and, possibly, other sources (Minsk 1977).

Statistical analysis (Borisenkov and Panov
1972) of more than 3,000 cases of ship icing
indicates that in 86% of the cases icing was
caused by ocean spray alone. Spray combined
with fog, rain, or drizzle (liquid sources)
accounted for only 6.4% of the cases, and spray
combined with (solid source) snow only 1.1%.
The cases of icing attributable only to fog, rain,
or drizzie account for 2.7% (Minsk 1977). In the
remainder of icing cases data were not suffi-
cient to determine the cause.

Since the overwhelming majority of super-
structure icing on ships and offshore structures
is from sea spray, the remainder of this section
will concentrate on this type of icing. Since a
ship can present different aspects to the wind
and spray, it is to be expected that the amount of
spray reaching the ship will vary: Russian
observations (Kultashev, etal. 1972) showed
that the greatest frequency of spray and, there-
fore, icing occurs when a ship is heading into the
wind at an angle between 15° and 45°. Asym-
metrical icing occurs under this condition, with
the greater accumulation on the windward side.
Less icing occurs with the ship headed directly
intothe wind, and then accumulationtends tobe
uniform. With ships heading downwind, spray
icingis generally muchlessthanatotherangles.
in developing the nomogram for forecasting
spray icing potential, downwind cases (those for
which the ship's heading was 120° or greater off
the wind) were not used.

Meteorological/oceanographic conditions
necessary for significant spray icing are water
temperatures less than 8°C, winds of 25 knots
(13 meters per second) or more, and air
temperatures less than - 2°C (28°F, the freez-
ing temperature of seawater of average salinity).
Generally, the stronger the wind, and the colder
the air and water, the higher the rate of icing on
comparable vessels or structures. In some

Figure 19. Superstructure Icing Rate Nomogram

cases, however, where the wind fetch is not
sufficient to fully develop waves, icing rates are
lower.

The accompanying potential superstruc-
ture icing rate nomogram (Figure 19) is a
modification of that shown in Wise and Com-
iskey (1980), using the open ocean cases appear-
ing in Pease and Comiskey (1385), developed
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from icing case histories in the Gulf of Alaska
and southern Bering Sea. Icing intensities in in-
ches per hour are also from Pease and Comiskey
(1985). If a vessel experiencing icing takes
evasive action (i.e., changes heading, reduces
speed, seeks shelter, etc.), icing rates experienc-
ed would probably be less.

Reported cases of ship icing (Figure 20) in
the northern Gulf of Afaska and the Bering Sea
are shown from two sources; Borisenkov and
Panov (1972) and WBH29 (Dyson 1975-83). The

lack of reported icing in the northern Bering may
be a result of reduced ship traffic as well as con-
ditions not favorable for icing. Kozo (1983) esti-
mates a potential for superstructure icing for the
northern Bering Sea in September, extending
into Norton Sound in October, and even into the
southern Bering during the most extreme condi-
tions. fcing potential decreases in the north
Bering as the sea ice cover advances; however,
the potential for moderate or heavy icing down-
wind of the sea ice edge persists throughout the
winter.

=

/
)
\

i

\
S

\
A

Legend

|
O

Superstructure icing reports
received by NBH29

Approximate locations of
icing reports from V.V. Panov

s Ut

) oe ¥ g .
Foa e o[ e D8] Ve o
o= ° co0©°®

> o

Figure 20. Related Occurrences of Superstructure Icing on Ships
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Figure 21. Climatic Means and Extremes
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Hypothermia is the cooling of the body's
core temperature to 95 °F or below. it can cause
shivering, numbness, and disorientation. In the
extreme it can cause death. The body loses heat
gradually in cold, dry conditions, but quickly
becomes hypothermic in wet conditions. Rain,
immersion in cold water, and perspirationcanall
cause rapid heat loss. However, the evaluation
and treatment cf hypotiiermia, whether wet or
dry, on land or water, is essentially the same,
namely to warm the victim by whatever appro-
priate means are available.

The following discussion was taken in part
tfrom Peters (1982).

The body loses heat in five ways:

* Alarge amount of heat is lost from the body
in respiration. Exhaled warm air is replaced by
coolerinhaled air, producing anet heatloss. The
amount of the net heat loss can be reduced by
covering the mouth/nose with wool or fur, there-
by “prewarming” the inhaled air as it passes
through the material which has been warmed by
exhaled air and by heat radiating from the body.

s Evaporation of perspiration from the skin
and moisture from the lungs contributes greatly
to the amount of heat 1ost by the body. Aithough
evaporation cannot be prevented, the amount of
evaporation (and therefore cooling) can be con-
trolled. Wearing clothing that can be opened or
removed easily for ventilation will let water
vapor escape and notcondense to liquid waterin
the clothing. Keeping clothing dry preserves its
insulating value and reduces heat loss.

* Sitting on snow, touching cold equipment,
and being rained upon are all examples of how
heat can be lost as a result of conduction. if an
individual becomes wet a tremendous amount
of body heat is lost rapidly. Deaths have
occurred as aresult ofimmersion in water below
40°F—body temperature could not be main-
tained. Although not as immediately serious,
perspiration, rain, or wet snow should never be
allowed to saturate articles of clothing, as this
seriously reduces their insulating properties.

¢ Radiation causes the greatest amount of
heat loss from the body from uncovered sur-
faces, particularly the head, neck, and hands.
Coverage of these areas, therefore, is extremely
important in keeping warm.

* The body continually warms {(by conduction)
a thin layer of air next to the skin. If the warm
layer is removed by wind or air currents (advec-
tion), the body is cooled. The primary function of
clothing is to retain this layer of warm air next to
the skin by enclosing air in cell walls or between
numerous fibers, while allowing water vapor to
pass outward. Heat is iost rapidly with the
lightest breeze unless the proper type of
clothing is worn to prevent the warm air from be-
ing advected away.

Deaths have been attributed to a loss of
body heat at temperatures of 40°F, with a
30 mphbreeze. Underthese conditions, the cool-
ing effect on the skin is equai to that of much
lower temperatures due to increased evapora-
tion and convection. With lower temperatures
and/or strong winds, cooling occurs even more
rapidly. Wind protection and insulation (dead air
space) can help ensure that body heat is
retained at a safe level.

Treatment

Recognition and proper treatment of hypo-
thermia must be prompt. Delays even after
rescue can cost a person his life. Low body
temperature is the best indication of hypo-
thermia. Blood pressure and pulse are also good
indicators. The pulse is generally slow and
irregular, while blood pressure is low.

The hypothermia victim is pale in appear-
ance, the pupils are constricted and react poorly
to light, and respiration is slow and labored. He
will usually be shivering violently, with frequent
muscular rigidity. There may also be an
appearance of intoxication.

Emergency treatment must begin as soon
as possible to stop the drop in body temperature.
Wet clothing should be removed. if the body
temperature is 97 °F or above, no treatment other

than dry clothing and moving the victim to a
warm area is generally necessary. If these are
not available, the wet clothing should not be
removed.

Combatting “afterdrop” in the core body
temperature is extremely important. When heat
is applied to the arms and legs, it causes those
blood vessels to reiax. This allows cold blood to
flow back into the body core, further cocling the
vital organs. Warming of the trunk of the body
should be the prime concern.

During experiments in conjunction with the
U.S. Coast Guard, researchers determined that
the best warming technique was from the inside
out, by having the victim breathe moist, warmed
oxygen (Witson 1976).

The next best treatment is a hot bath, with
the water temperature between 90 and 100 °F. if
atubisnotavailable,aninftatedliferaftcould be
used. If possible, the limbs should remain out of
the water. When no tub-type facility is available,
a hot (115°F) shower while wrapped in towels or
blankets is preferabie.

When hot water for a tub or shower is
unavailable, wrap the victim in blankets in a
warm room with a heating pad or well-wrapped
hot water bottle on the chest, or apply bodv
warmth by direct contact with a rescuer.

Warm liquids may be given, but care must
be taken to insure the victim is conscious and
does not breathe the ligquid into his lungs.
Alcohol should neverbe given because it causes
“afterdrop.” Observe the victim’s respiration
closely and monitor for vomiting.

It has been learned in studies done in
Alaska that victims of wet hypothermia can sur-
vive for a prolonged time in cases of deep cool-
ing. Apparently, in the rapid cooling which
occurs with wet hypothermia, physiological
changes undergone by the body are more likely
to be reversible than in the siower cooling of dry
hypothermia. There have been victims of immer-
sion hypothermia who were apparently dead but
revived with proper treatment.




—— i = ey -

ey e . o o+ e

Wind Chill (Equivalent Temperatures)
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The temperature of the air is not always a
reliable indicator of how cold a person wil! feel
outdoors. Other weather elements, such as wind
speed, relative humidity, and sunshine (solar
radiation), also exert an influence. In addition,
the type of clothing worn, together with the state
of health and the metabolism of an individual,
influence how cold a person will feel. Cooling
may be described as loss of heat from exposed
flesh. Freezing occurs when there is such total
heat loss that ice forms in the exposed tissues.
The cooling powerof the atmosphere (by wind)is
primarily heat transfer by advection—in human
cases, by exposure of uncovered flesh to the
environment. Even small amounts of air move-
ment have considerable chilling effect because
this movement disrupts orremoves the thin layer
of warmed air that builds up near and about the
body. This air movement leads to loss of total
heat, since heat is transferred from the core of
the body to rewarm the new colder air, replacing
that blown away. Therefore, wind chill not only
leads to frostbite locally, but may contribute to
general hypothermia.

During the antarctic winter of 1941 Siple
and Passel developed a formula to determine
wind chill from experiments made at Little
America (Siple and Passel 1945). The formula
relates heat loss (H) from an object or person to
wind speed and to the difference in temperature
between the air and the object or person (DT). It
is measured in heat units {calories) per unit area
over time. The skin temperature of most people
is approximately 33°C {91.4°F). Heat losses for
the human body can then be computed for any
combination of wind and temperature.
Equivalent temperature is based on calm condi-
tions and a person walking vigorously at 3 knots
(4 mph). Each combination of wind and air
temperature produces a heat loss H. The
equivalent temperature is that temperature that
would compute the same heat loss at a wind of
3 knots. The accompanying chart, figure 18,
shows equivalent wind chill temperatures in °C
for various combinations of winds in knots or
km/hr and temperatures.

Concepts in the following discussion of
wind chill are from an appendix to an article by

Egquivalent Wind Chil Temperatyre
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Figure 22. Equivalent Wind Chill Temperature

William J. Mills, Jr., M.D., as published in Alaska
Medicine (1973). Dr. Mills is still active in the
treatment of cold injuries in Alaska.

Almost everyone knows that the increased
speed of wind may cause increased danger of
skin freezing. Many assume that the increase in
wind speed causes the ambient air temperature
tofall lower. Thisis not so. Whatdoes occuris air
movement, so that warmed air is moved away
from the individual exposed to the wind, causing
first local, then general body cooling. Any resuit-
ant decrease of skin temperature i< duc to heat
loss, insidious or sudden. Local vasoconstric-
tion, vascular shunting, and cellular changes
take place; eventually ice forms in the tissues,
with true tissue freezing or frostbite.

This phenomenon can be readily proved.
Place alaboratory recording thermometer with a
thermistor attached (or any outdoor ther-
mometer) out your car window on a calm day
when the temperature is, say, —20°C (- 4°F)—
just a nice winter day in Anchorage, Alaska. Let
it sit for a few minutes until the temperature

Adapted from NWS/NOAA Technical Procedures

Bulletin No. 165. Effective Temperature (Wind Chill Index) 1976.

reading has stabilized. This temperature, as
read, will remain at the ambient air temperature
level. Now slowly accelerate your vehicle to
80 km/hr (50 mph); the temperature remains
unchanged at —20°C (- 4°F). Now attach the
thermistor to your bare hand. Place your un-
gloved hand out the same car window in the
same ambient temperature of —20°C (- 4°F).
After a few minutes at Okm/hr, the skin
temperature may be read at approximately 93°F
(normal skin temperature in the nonsmoker).
Your skin temperature will drop as heat is lost to
the exterior, sometimes falling as low as 85° to
80°F very rapidly. As the car is accelerated and
the warmed air layer is moved away, the ther-
mistor records skin heat loss. If you continue
driving, your skin temperature may drop to a
level near 23°F (-5°C), the temperature at
which freezing of skin may actually occur.

Wind chill may occur not only from natural
wind, but also with air movement generated by
automobile, snowmobile, aircraft, or helicopter
rotoblade. These vehicles may predispose
passengers to frostbite or general hypothermia.
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Marine and Coastal Climatic Atlas— Section !l

William A, Brower, Jr.
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The marine observations used in com-
puting the statistics for the maps, graphs, and
tables in this section of the three-volume atlas
were taken from the National Climatic Data
Center’s (NCDC) marine surface data files which
inciude the Comprehensive Ocean Atmosphere
Data Set (COADS). COADS is the result of a
multiyear effort by NOAA and the National
Center for Atmospheric Research (NCAR) to pro-
vide a quality-controlled marine data set which
incorporates data from a variety of global
sources for 1854-1979. Those files are: TD-1170
for COADS and TD-1129 for 1980-1985. Because
relatively little data exist for near-coastal zones,
observations from 66 U.S., Canadian, and
Russian coastal stations were combined with
the marine data in order to present the best
possible climatological picture of the outer con-
tinental shelf waters and coastal regions of
Alaska, and adjacent Canadian and Russian
regions.

Data for the U.S. and Russian stations were
taken from the edited digital files of NCDC and
the U.S. Air Force's Environmental Technical
Applications Center (ETAC) in Asheville, North
Carolina.  Digital data from the Canadian
stations were purchased from the Canadian
Ctlimate Centre in Downsview, Ontario. All data
were subjected to thorough computer and visual
quality control in order to eliminate duplicate
observations and exclude questionable
eflements detected during internal consistency
and extreme value checks.

The percentages of the summarized 4.5 mil-
lion marine and 8.5 million coastal station fand
observations that contain basic weather
elements are:

Coastal

Marine Stations

wind 93.8 99.1
Visibility 79.5 975
Present weather 828 95.7
Total cioud amount 79.6 97.3
Low cloud amount 67.4 57.4
Sea level pressure 93.5 89.7
Air temperature 94.4 98.6
Wet bulb temperature 59.4 97.7
Sea surface temperature 856 —
Waves 65.4 —

The marine and coastal study area for
which data were compiled and anaiyzed was ex-
panded from 50°—80°N and 130°—180°W (in
the 1977 atlas) to 40°—84°N and 110°W—160°E
in order to afford greater coverage for each of
the three atlas areas, with a minimum of overlap
between areas. Element statistics (with obser-
vation counts) were generated for each of over
2,550 marine squares and 66 coastal stations
within the study area, and then plotted by com-
puter on monthly charts which have an albers
equaf-area conic projection. The marine plots
were 1° latitude by 1° longitude squares for the
latitude belt 40°—75°N and 1° by 2° areas for
75°—84°N. An analysis was performed on the
entire marine and coastal study area in order to
permit continuity between the three atlas areas.
Meteorologists, aided by computer-drawn
isopleth contours south of 65°N, drew isopleths
(lines connecting points of equal magnitude) on
420 monthly element maps, and made subjec-
tive adjustments to the analyses when data
biases or insufficient observations were evident.
They also performed consistency checks in the
sets of monthly patterns for each element and
among elements, as well as comparative checks
with other marine atiases and publications (see
Reference).

Aithough more than a four-fold number of
marine data above 65°N was available for this
presentation than for the same area in the 1977
atlas, the amount remained inadequate to per-
mit a detailed isopleth analysis by
meteorologists or by computer-contouring
routines. This was especially true for the cooler
months when seasonal sea ice prevented ships
of opportunity from frequenting the area.
isopleth analyses for the Chukchi-Beaufort Sea
area, by necessity, were based principally on the
plotted coastal stations' statistics, extrapola-
tions of weather patterns identified in isopleth
analyses for the warmer months, the period of
greater data availability, and other marine and
continental atlases and publications.

To supplement the isopieth analyses, near-
ly 16,750 monthly statistical graphs, tablrs, and
roses were produced for 50 of the 66 land sta-
tions, 16 representative marine areas, and 43
5° by 5° marine areas. The graphics represent
the objective compilation of all available data;
they were not adjusted for suspected biases,
and differences may be found when comparing
the graphics data with the isopleth analyses.

For each topic set, all months are grouped
in calendar order with one or two pages
preceding sach set containing the legend and
narrative for that set. The legends contain detail-
ed instructions on how to read the graphics and
provide remarks which aid in interpreting the
data. The following paragraphs contain addi-
tiorial remarks which are likely to be of interest
to those called upon to interpret the data and
provide answers to specific operational ques-
tions. The table on page -4 describes the data
and marine areas for this volume.

A word of caution. The intent of this atlas
presentation was to gather and present existing
data on climatological conditions within the
marine and near coastal areas of Alaska and ad-
jacent Canada and Russia. The data are
presented without discussion and interpreta-
tions. Given the information presented in the in-
troductory text, legend descriptions with related
text, and number of observations (with
measures of variability for some) displayed with
the graphics presentations, the user should be
able to assess the degree of statistical con-
fidence in the presented climatology for a given
month and location.

Standard Deviation

Some of the graphs display approximation
of the empirical probability of occurrence of
selected criteria. This is a major factor in
assessing the risk involved in operational pfann-
ing. For certain elements, unbiased estimates of
population standard deviations are given on the
graphs to provide a measure of variability. The
standard deviation was computed using the

expression: 1
NEx;2-[Ex;12| 2
sS=

N(N-1

where N is the number of observations in the
sample and x; is the jth realization of the random
variable x.

Sea Ice

The ice isopleths presented in Sets 17-19
give the percent probability of finding ice of any
kind, ice concentration of one-half coverage or
more, and ice thickness of eight feet or more.
within the Alaska study area. Actual concentra-
tion boundaries, under the influence of chang-
ing synoptic meteorological and oceanographic
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situations, may vary widely from the averages.
An isopleth iabel, therefore, does not explicitly
define the conditions on either side of the line
since presence of sea ice is discontinuous in
nature and regions of 80% mean ice concentra-
tion may be bordering regions of 20% ice con-
centrations with no intermediate region of 50%
ice concentration. However, the inherent con-
tinuity of persistence of sea ice features permit
an isopleth presentation to provide meaningful
information.

The sea ice data were derived from digitized
weekly analyses of sea ice conditions based
primarily on satellite imagery (80%) sup-
plemented by ship and shore reports, and aerial
reconnaissance. These weekly polar sea ice
analyses have been operationally produced by
the U.S. Navy/NOAA Joint Ice Center (JIC) since
1972. in 1981, JIC initiated a Sea Ice Digitization
Program to digitize the weekly polar ice maps as
they become available. NCDC was funded by the
U.S. Navy to design software and digitize all
weekly ice concentration charts available since
1972 and ice thickness charts available since
1980, and produce polar ice atlases based on
data through 1982. The Antarctic ice Atlas was
published in 1985, and the Arctic West and the
Arctic East Atlases in 1986 (U.S. Navy 1986). The
U.S. Navy also funded NCDC to accelerate the
digitization of the West Arctic weekly charts
through 1985 and produce the ice statistics
presented in this atlas.

Low Pressure Center Movement

The roses and tracks of the low pressure
center movement maps presented in Set 22 are
based on 20 years of Northern Hémisphere track
charts (January 1966 - December 1985) prepared
by the National Weather Service's National
Meteorological Center. These charts show
cyclone tracks based on 6-hourly positions of
closed centers. The NCDC was funded by the
U.S. Navy to develop the software and digitize
some 240 monthly cyclone track charts to permit
inclusion of the statistics in this atlas. Frequen-
cies of cyclone centers passing through 5°
squares were analyzed by meteorologists within
the 35°—80°N, 115°W—160°E area of the
North Pacific Ocean to obtain the mean tracks.
Primary tracks were selected along axes of max-
imum cyclone center frequency and secondary
tracks along axes of moderate frequency.

Persistence of Wind and Waves

Duration and interval tables are presented
in Set 23 for wind speed and wave height.
Seasonal and annual tables contain objective

compilations for 23 grid points in the Guif of
Alaska and Bering Sea. The statistics are based
on numerically-derived wind and wave data
generated by NCDC using the Hindcast Spectral
Ocean Wave Model (SOWM), developed by Dr.
Willard J. Pierson and others, in producing U.S.
Navy's SOWM Climatic Atlases for the North
Pacific and North Atlantic Oceans (U.S.
Navy 1985). No SOWM data were available to
produce persistence statistics for grid points
within the Beaufort Sea (Vol. ll) area.

Episodes of durations (continuous hours or
days) of events and episodes of intervals (con-
tinuous hours or days) between events were
tallied for various thresholds. These tables give
an indication of how long an episode is likely to
last once it has begun. For convenience, the
time an episode persisted above a given
threshold is arbitrarily referred to as a
“duration” of the event. The times between
episodes have been termed “intervals.” Data
were summarized on a seasonal and annual
basis because 12.5 years of hindcast data were
considered too small a sample to provide
representative durations and intervals for long
episodes of wind and wave conditions on a mon-
thly basis. The winter season is January-March;
spring, April-June; summer, July-September; and
autumn, October-December (Worid Meteor-
ological Organization, 1981).

Return Periods for Maximum
Winds and Waves

Tables of estimated maximum sustained
wind speeds and wave heights for selected
return periods are presented in Set 24 (Set 23 for
Volume (ll).Estimates for winds are presented
for 50 coastal stations within the 3-volume area
and for 23 marine grid points within the Gult of
Alaska and Bering Sea areas (Vols. | and Il).
Hourly wind observations for the stations and
numerically-derived wind and wave data
generated by Pierson's Spectral Ocean Wave
Model (SOWM) for the marine grid points were
used in determining the wind and wave extreme
estimates. No SOWM data were available for the
Beaufort Sea (Vol. !ll}) area. Following the
method outlined by Lieblein (1954, 1974a,
1974b), these estimates were obtained by initial-
ly fitting an extreme value distribution to each
station and marine grid point sample containing
N maximum monthly or annual wind speed or
wave height values, then inverting the distribu-
tion and computing extreme values for selected
probabilities. Confidence bands were then com-
puted following the technigues of Gumbel
(1958), and Gumbel and Lieblein (1954).

The extreme value distribution
has the form:

X—p

F(x) = F(xupBl = exp [_exp <_ 3 )]

where F(x) is the probability that our observa-
tions are equal to or less than the specified
value x, p is the mode, and 3 is the scale
parameter. Since the wind data were transform-
ed logarithmically, » and 3 refer to the
transformed data, not to the wind maxima. The
values given in the tables of Set 24 are the resuit
of applying the natural logarithms of the N an-
nual extreme wind to the extreme value mode!,
determining the # and g for each data set. and
them exponentiating the logarithms of the
estimates to give the probability estimates in
knots. The wave data were not transformed
logarithmically and, therefore, x and 3 are in
feet.

Graphic presentations similar to Figure 1 of
Set 24 were drawn for each month and for the
annual values, and are available on microfiche
at the NCDC. The year/month extreme data for
each station and marine grid point are also
available on magnetic tape. These presenta-
tions provide a visual indication of the
“goodness of fit” of the model to the data. The
confidence limits shown by the envelope of
lines about the line of "best fit" represent the
level of uncertainty in the extreme value
estimate corresponding to a given probability.
For this study, 68% confidence limits were com-
puted. This means that in 68% of repeated
samples, the true extreme value will be con-
tained within these limits.

Duration of Daylight

The duration-of-daylight chart for the Nor-
thern Hemisphere defines daylight as the period
from sunrise to sunset. The upper scale at the
bottom of the chart is for the Northern
Hemisphere; the lower scale is for the Southern
Hemisphere. For exampie, daylight on July 20 of
any year at 48°N is about 15 hours and 30
minutes for any longitude. The data source was
the U.S. Naval Observatory (1945) and is
accurate for the entire twentieth century. Fur-
ther details may be obtained from The
Daylighter of the Navy Weather Research Facil-
ity (1960). Additional light (during twilight} may
be usable for many purposes. Duration of
daylight in high latitudes (poleward of about 60°)
becomes increasingly dependent upon atmo-
spheric conditions and refraction, and there may
be some departure from the values depicted on
the charts.
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Figure 23. Duration of Daylight
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Land Stations

Adak
Buhta Providenja
Cape Newenham

Cape Ozernoy”
Cape Romanzof

Cape Shipunskiy*®

Cold Bay
Khatirka-In-Chukot
King Salmon
Nikolski
Nikol'skoe

Nome

Northeast Cape
Port Heiden

St. Paul

Shemya

Topata-Olyutorskaya*

Ugol'naja
Unalakleet

Lat.(°N) Long.(°W)
51.9 176.7
64.4 173.2
58.7 162.1
57.7 163.3E
61.8 166.0
53.1 160.0E
55.2 162.7
62.1 175.3E
58.7 156.7
529 168.8
55.2 166.0E
64.5 165.4
63.3 169.0
57.0 158.6
57.2 170.2
52.7 174 1E
60.6 171.1E
63.1 179.3E
63.9 160.8

+ Period excludes Jul 1971-Dec 1972.
* Stations used for isopleth analyses only; no graphics produced.

Representative
Marine Areas

A

TmMOO D

Lat.(°N)

60-65
55-60
55-60
Aleutian-55
50-Aleutian
50-Coast

Volume Il

The following stations and representative marine areas have data plotted for analysis and graphics.

Data Processed

Jan 1949-Apr 1985
Jan 1959-Apr 1985+

Jul 1953-Jan 1971;
Jan 1973-Apr 1985

Jan 1959-Jul 1976 +

Mar 1953-Dec 1968;
Jan 1973-Apr 1985

Jan 1959-Dec 1963; +
Jan 1969-Jul 1976

Jul 1955-Apr 1985
Jan 1959-Apr 1985 +
Jan 1949-Apr 1985
May 1959-Nov 1968
Jan 1959-Apr 1985
Jan 1945-Apr 1985
Jan 1953-Nov 1968
May 1975-Apr 1985
Sep 1949-Apr 1985
Dec 1948-Apr 1985
Jan 1969-Jul 1976 +
Jan 1959-Apr 1985 +
Jul 1948-Apr 1985

No. of

No. of Obs. Obs./Day

264,528
54,876
231,968

34,509
226,254

25,082

164,612
41,972
221,433
27,370
66,800
255,656
120,922
73,676
135,031
227.236
14,920
60,852
182.001

Long.(°W) Data Processed

Coast-180 1879-1984
169-180 1905-1984

Coast-169 1908-1984
165-180 1888-1984
165-180 1881-1984
158-165 1872-1984

8-24
8
14-24

8
17-24

8-24

8-24

8-24
14-24
14-24

4-24

4-24

6-24

No. of Obs.

42,930
58.806
87.604
110,471
116,510
123,020
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k Map 1. Precipitation

A BLACK LINE — Percent frequency of observations reporting precipitation.

BLUE LINE — Percent frequency of precipitation observations reporting frozen precipitation.

Albers Equal—Area Conic Projection

Graphs: Precipitation/wind direction
o Percent frequency of surface wind observations from each direction
% P f% Liquid and calm that were accompanied by precipitation, subdivided into
cpn. liquid (including freezing rain and freezing drizzie) and frozen
f% Frozen R
precipitation.

100 . .
. __------ Percentage of present weather observations reporting
90 1957 = TTreel 187 9 precipitation.
B e LT Number of observations.
~ 80
° e S (34% of all NE winds were accompanied by
- LT precipitation, of which 14% was liquid
< ¢o . Lo . . and 20% was frozen precipitation.)
— L
J a 50 __.---- An asterisk in the column for a given direction (or
— - calm) indicates percentages were based on 10-30
l‘j 40 observations of present weather and wind direction.
04
q 30 o
R “7-- O replaces bar when no precipitation was observed
¥ 20 with winds from a given direction (or calm). No
bar graph is presented if less than 10 observations
10 containing present weather are reported for a given
direction {or calm).
0

observations reporting frozen precipitation (BLUE LINE).

bias” is a serious problem for most applications of marine climatic data.

from satellites (Rao, et al., 1976). Refer to the text and table in Set 2 for additional information about precipitation.

The percent frequency of observations reporting frozen precipitation for a given point on a monthly isopleth map can be
determined by multiplying the percent frequency of observations reporting precipitation (BLACK LINE) with that of precipitation

Of the elements recorded in the historical marine data base, precipitation is one that is most subject to error in both the way
it is observed and the way it is interpreted. It is often implied in the literature that ships often try to avoid foul weather and
thereby bias the oceanic climatology towards fair weather. A recent study by Eims (1986), ir which he compared the Volunteer
Observing Ship (VOS) data to Ocean Station Vessel (OSV) and buoy data, concluded there is little evidence that “fair weather

Assessing oceanic rainfall data is a major problem because transit ships are unable to take quantitative precipitation
measurements. A number of studies have been conducted in efforts to predict precipitation amounts, or rates of fall, based on
estimates derived from the use of present weather observations from ships of opportunity (Goroch, et al., 1984) and readings

1 Legend

Legend 1
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-30

Map 2. Wind/visibility/cloudiness

BLACK LINE — Percent frequency of optimum conditions: Low cloud ceiling (LCC) 25000 feet,
(or no LCC), visibility 25 nautical miles and wind 11-21 knots.

BLUE LINE — Percent frequency of poor conditions. Any one of the following constitutes poor
conditions: LCC <300 feet, visibility <1 nautical mile or wind <6 or 234 knots.

Albers Equal—Area Conic Projection

Graphs: Precipitation types

Percent frequency of precipitation by type and intensity
(S - slight, M - moderate and H- heavy).

------ Number of observations.

25

Bars show percent frequency of observations
reporting Precipitation of various types and
intensities.

N
(o]
L

[P B O indicates no observations in the category

P B B * indicates <.05% but >0.

(4% of all observations recorded moderate
to heavy precipitation.)

% PRECIPITATION

S M-H S M-H S M- S M-H 5 M-t ALL
ORIZZLE RAIN SNOwW SHOWERS ALL PCPN

Present weather elements that can be reported in an observation are thunderstorms, lightning, waterspouts, squalls, fog,
haze, smoke, dust, and all forms of precipitation. Most present weather codes (ww = 00-99, see table) apply to phenomena occur-
ring at the time of observation, but a few refer to phenomena occurring in the past hour. The highest applicable numerical ww
code figure is recorded (except that code 17 has preference over 20 to 49, inclusive). Precipitation includes all forms of water par-
ticles, whether liquid or solid, that fall to the earth's surface—rain, drizzie, snow, snow peliets, snow grains, ice crystals, ice
pellets, and hail. Each form is classified by its character (continuous, intermittent, showery, or combination), intensity (slight,
moderate, or heavy), and type (liquid, freezing, or frozen). In this study, frozen precipitation is defined as any precipitation that
reaches the ground in frozen form; it does not include liquid that freezes upon impact with the ground or exposed objects. Refer
to the text in Set 1 for additional information on precipitation.

2 Legend Legend 2




11-31
PRESENT WEATHER (WMO Code, 1982)
The present weather (ww) code is arranged in priority order. Reading down the list, select the first
applicable (most severe) weather condition that you observe and enter the code number for ww.
50-99 PRECIPITATION AT SHIP AT TIME OF Intermittent Continuous 32 Duststorm or sandstorm, increasing 35
OBSERVATION 74 Heavy snow in tiakes 75 31 Duststorm or sandstorm. unchanging 34
72 Moderate snow in flakes 73 30 Duststorm or sandstorm, decreasing 33
9599 THUNDERSTORM AT TIME OF OBSERVATION 70 Skight snow in flakes n
. . 20-29 PHENOMENA IN PAST HOUR BUT NOT AT
99 Heavy thunderstorm with hail 60-69 RAIN (NOT FALLING AS SHOWERS) TIME OF OBSERVATION
98 Thunderstorm with duststorm or sandstorm Slight Maderate or Heavy
97 Heavy thunderstorm with rain and/or snow. 68  Rainor drizzie with snow 69 29 Thunderstorm, with or without precipitation
but 7o hail . - 66 Freezing rain 67 28 Fog (in past hour but not at time of obs.)
96 Slgght or moderate thunderstorm w!th nqu 27 Shower(s) ot hail*. or of hail*, and rain mixed
95 Slight or moder;t? thunderstorm with rain or intermittent Continuous 26 Shower(s) of snow, or of rain and snow mixed
snow. but no hail 64  Heavyrain 65 25  Shower(s) of rain
X o 62 Moderate rain 63 24 Freezing drizzle or freezing rain
Includes hail. ice pellets, or snow pellets 60 Slight rain 61 23 Rain and snow mixed. ot ice pellets | oy fa/ung
22 Snow
91.94 THUNDERSTORM DURING THE PAST HOUR BUT 50.58 DRIZZLE 21 Rain (not freezing) 3s showers
NOT AT THE TIME OF OBSERVATION 20 Drizzle (not treezing) or snow grains
Slight Moderate or heavy
Note: Use code 29 if there is no precipitation at time of 58 Drizzie and rain mixed 59 “Includes hail. ice pellets or snow pellets
observation. 56 Freezing drizzie 57
94 Moderate or heavy snow, or rain Intermittent Continuous 18-19 SQUALLS, FUNNEL CLOUDS
and snow mixed, or hail* 54 Heavy drizzie 55 19 Funnel cloud(s) se t f
33 Sianisnow.orram andsnow | Tundersiom 53 Meseraw arece S 1 Gunnelciouds seen n pastnour or ot e of oo
mixed, or hail” in past 50 Slight drizzie 51 ’

92 Moderate or heavy rain hour
9N Slight rain

“Includes hail, ice pellets. or snow pellets

85-90 SOLID PRECIPITATION IN SHOWERS

Stlight Moderate or Heavy
89 Shower or hail*, no thunder 80
a7 Shower of snow peltets or ice pellelst 88
a5 Shower of snow 86

tWith or without rain. or rain and snow mixed
*include hail. ice pellets, or snow pellets

80-84 RAIN SHOWERS

84 Shower of rain and snow mixed, moderate or heavy
83 Shower of rain and snow mixed, sfight

82 Violent rain shower

81 Moderate or heavy rain shower

80 Shght rain shower

70-79 SOLID PRECIPITATION NOT FALLING AS SHOWERS

79 (ce pellets

78 jsolated star-like snow crystals(with or without fog)
77 Snow grains (with or without fog)

76 Diamond dust (with or without fog)

00-49 NO PRECIPITATION AT SHIP AT TIME OF
OBSERVATION

17 Thunder at time of observation, no precipitation
at ship
40-49 FOG AT TIME OF OBSERVATION

(Visibility in fog is less than Yz nautical mile)

Sky Sky
visible invisible
48 Fag, depositing rime 49
46 Fag, has begun or thickened in past hour 47
44 Fog. no change in past hour 45
42 Fog, has become thinner in past hour 43

41 Fog in patches
40 Fog at a distance but not at ship in past hour

30-39 (Not likely to be used in ship reports)

Slight or

modaerate Heavy
a8 Blowing snow, high (above eye level) 39
36 Drifting snow. low {below eye level) 4

13-16 PHENOMENA WITHIN SIGHT BUT NOT AT SHIP

16
15
14
13

12
11
10

Precip. within 3 naut. mi.—reaching surface
Precip. beyond 3 naut. mi.—reaching surface
Precipitation in sight, not reaching surface
Lightning visible, no thunder hearg

10-12 MIST AND SHALLOW FOG Fog not
Shallow fog—more or less continuous deeper
Shailow fog in patches than 10m
Mist (Visibility 2 nautical mile or mote) (33 feet)

04-09 HAZE, DUST, SAND, OR SMOKE

Duststorm or sandstorm within sight

Dust whirls in past hour (NOT FOR MARINE USE!
Bfowing spray at ship

Widespread dust suspended in the ar

Dry haze

Visibilty reduced by smoke

00-03 CHANGE OF SKY DURING PAST HOUR

Clouds generally forming or developing

State of the sky on the whole unchanged
Clouds dissolving or becoming less developed
Cloud development not observable

2 Legend
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Map 3. Ceiling/visibility (low range)

BLACK LINE — Percent frequency of low cloud ceiling (LCC) <300 feet and/or visibility <1 nautical
mile.
BLUE LINE — Percent frequency of LCC <600 feet and/or visibility <2 nautical miles.

Albers Equal—Area Conic Projection

Graphs: Visibility/wind direction

....... Number of observations.

Curve i8 the cumulative percent frequency of visibilities less
than the visibility intersected by the curve.

.----"(83% of all visibilities reported were <10 nautical
miles.)

The table below the graph indicates percent frequency of
occurrence of visibility <2 nautical miles versus wind
direciion.

VISIBILITY

i-z2z2:»-+ indicates <.5% but >0. O indicates that no visibilities <2
| .-~ "~-" nautical miles were observed with winds from a direction or
e calm. No percentage is given if less than 10 observations were
0 . ; . - available for visibility and wind direction. An asterisk
<u<ly <1 <2 <5 ;- <10/ <25 indicates that the percentage was based on 10-30 observations

’

VISIBILITY IN NAUTICAL MILES . of vigibility and wind direction.

%%

! N ! ; _---(19% of sll S winds were accompanied by visibilities
] . <2 nauticsl miles.)

|32 020 220 4 [1o]o | " |25]20]
N NE E ’

SE S SW W NW C -

-—

The percent frequency of visibilities equal to or greater than a given value can be obtained from the graph by subtracting the
cumulative percent frequency of that value from 100%. Refer to the text in Set 5 for descriptive information on visibility.

Aircraft-type ceilings are not available from marine observations. The ceilings are estimated from the height of the lowest
cloud when low clouds (heights of less than 8,000 feet) cover more than half the sky. When the sky is totally obscured by snow,
rain, fog, or other phenomena, the total obscuration is considered a ceiling with a height of zero. Refer to the texts in Sets 4 and 6
for additional information on clouds.
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3 Visibility and Wind Direction




v ———
— - . —
Marine Area A Marine Area B Marine Area C : | Marine Area D
|
%0 Meee Red VD) 9% 5792 y l 100
164 a 9540
00 s 90| 7% s 90 A | > 90 /}
— 80 + BO ~ B8O ! |+~ 80 :
= 70 = 70 — 70 | } ~ 70 / | ]
o} ) 4 - 4 [
Z s0 Z 60 Z 60 Z 60 L
© 50 O 5n O 59 © 5¢ i
n 40 n 40 o 40 [ 80 o
L Nl L [ ] 30 o
20 20 20 LY o
T 3T B o ‘ LT .
o S ot !
<y <Yy <t <2 <% <10 <25 <Y <Yy 1 <2 <5 <10 <25 <Yy <Yy <V <2 <5 <10 <25 || <Va €v3 <3 <2 <5 <o <25
VISIBILITY IN NAUTICAL MILES VISIBILITY IN NAUTICAL MILES VISIBILITY IN NAUTICAL MILES VISIB'LiT Y N NAUTICAL M(ES .
[roLz) 21]26]28]17}22]0]25] |251244130§1L24124]25122J22I l|slx21|3114122132 33126124] lboi20 jrofrei23[ 6|15, i2r |
N NE E SE S SW W Nw C N NE E SE S SW W NW C N NE E SE S SW W Nw C ‘[ NONE E SE S SW W Nw C
Marine Area E 7 JL o7 160 || Marine Ares F
weo m ) i e i 4
> 90 oeo | ’90’03 ) /,:
~ 80 — 8¢
ot / Unaukln Ji-%! B
” /
— 80 /—63
@ so0 , Tso i -
‘;AO , : _40§ _/'
-0 i LR -
> 0 ; > 50,
Noo H 1:»' o
© o | o
hyeyy v <2 <3 <10 <23 PR A ] s -] 2%
VISIBILITY IN NAUTICAL MILES VS B LT NNAUT CAL W LES
| hoi-sl:slul:ﬂlzn[‘z]o[‘sl {e 13,2+ 26,27 2¢ 1617 3]
L N NE E SE S SW w Nw O « NE E SE S Swow Aw T

3 Ceiling and Visibility (low range)

June




11-70
Nikol‘skoe Khatirks=-In-Chukot Ugoli'naje Suhts Providenjs
190 M 3eae 190 553 ] 199 958 00 e
> 90 - » 90 g > 90 > 90 .
— 80 ~ 80 t- 80 -~ BO
- 70 - 70 - 70 e
- pu | ) g}
Z 60 — &0 — 60 Z 60
O 50 © 50 © 50 @D 5o
40 &~ 40 ~ 40 h 40
~ 30 - 30 =30 - 30
> 20 > 20 >0 - >0
» 5 13 N oo b ¥ 10
4 ] 0 - [
<V <y <1 <2 <5 <10 <25 <Ya <YV <1 <2 <5 <10 <25 Ve <lp <1 <2 <5 <10 <25 <Ve <Yy 1 <2 <5 <10 <25
VISIBILITY IN NAUTICAL MILES VISIBILITY IN NAUTICAL MILES VISIBILITY IN NAUTICAL MILES VISIBILITY IN NAUTICAL MILES
lotwole ls0lslsr)io] 7 |27 Le 1431481”;,9;,4@434 Lo Jrsialzrlefsl2]2 i) FERNENTYECIE| wm
N NE € SE S SW W Nw C N SW W NW C N NE E SE S SW W NW C N NE E SE S SW NW C
Norheast Cape Nome Unaelakiset Cape Romaenzot
0 5653 190 S 190 Mseve 190 Meve
- 90 = > 90 1T > 90 [T > 90 -
~ 80 +~ 80 — 80 + 80
70 o0 T A
6 . gy 1] — 60 Z 60
O 59 P R L M sg M 5o © 50
N 40 » 40 40 40
- 30 - 30 — 30 ~ 30
> 20 > 20 > 20 > 20
Ny BT N DT
0 0
<Y <Yy 1 <2 <5 <10 <25 <Yy <Yy <1 <2 <5 <10 <25 <Yy < <1 <2 <5 <10 <25 <Ve €Y <V <2 <5 <10 <25

VISIBILITY IN NAUTICAL MILES
L!s[ulwltolnj 11 )10 16 [2: I

VISIBILITY IN NAUTICAL MILES

L3136 13]s]elef«]7]

VISIBILITY IN NAUTICAL MILES

Lidofrdafrfalafaga]

VISIBILITY IN NAUTICAL MILES

e ls]efro]rglar]rz]e Jiel
N

VISIBILITY IN NAUTICAL MILES

lss (53 Jes | 7a {79 |79 |76 |60 |57
N NE E SE SW W NW C

VISIBILITY IN NAUTICAL MILES

26 3¢ |35 e )azea]33]23]4e3
N NE € SE § SW W NW C

VISIBILITY IN NAUTICAL MILES

3] lejsje e f3frjrs
N NE € SE S Sw w Nw C

N NE E SE S Sw w Nw N NE E SE S SW W NW C N NE E SE S SW W Nw C NE E SE S SW W Nw
Cape Newenhgm King Saimon Port Heiden Cold Bay
100 19480 100 18345 100 1985 190 13868
> 90 - > 90 T > 90 DA > 90 EREE
- 80 + 80 80 - 80
- 70 = 10 - 70 i}
- - - -
Z 60 puiy'Y ~ 60 ay Y
© 30 D 5o @ 50 D so
v 40 ) 40 W\ 40 wn 40
; 30 ; 30 ; 30 - 30
20 20 20 > 20
[ NP LR 3T [T
[ [ [
<Ya tYy <t <2 <3 <10 <25 <V <Yy <1 <2 <3 <10 <2% <Y< @ < <5 <10 <23 <Ys €Yy <1 <2 <3 <10 <28
VISIBILITY IN NAUTICAL MILES VISIBILITY IN NAUTICAL MILES VISIBILITY IN NAUTICAL MILES VISIBILITY IN NAUTICAL MILES
.
1201216 2112702218 ]23 l!L?L)JJ['O[H[A»[!J!)J Ls1ala]e]asfar]s|20] mlalel-rleLvL\sLsU]
N NE E SE S SW W NW C N NE E SE SW W NW C N NE E SE S SW W NW C N NE E SE 5 SW W Nw
Nikolski 8t. Pout Adak Shemys
100 2484 100 10921 190 22049 190 Hooew
> 90 . > 90 b > 90 : > 90 e
- 80 +~ 80 ~ 80 + 00
- 70 - 7 - 70 = 70
o ] - )
Z s0 Ze0 pagy Y.} Ze0
®© 30 © 30 ® so @ 30
n 40 n 40 wn 40 n 40
; 30 ; 0 ; 30 <30
0 20 20 > 20
[ ® | T Ny
0 ] ]
Vs ¢y 1 <2 <3 <10 <79 Yy ¢y <t <2 <3 <o <29 el <t <2 3 <10 <28 <Ye <X <1 <2 <% <10 <23

VISISILITY IN NAUTICAL M:LES

30 48 |31 |60 |62 54 a6 |3e |52]
N NE E SE S SW w Nw C

July

3 Visibility and Wind Direction
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3 Ceiling and Visibility (low range)
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3 Ceiling and Visibility (low range)
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3 Ceiling and Visibility (low range)
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Map 4. Ceiling/visibility (mid range)

BLACK LINE — Percent frequency of low cloud ceiling (LCC) <1000 feet and/or visibility <5 nautical

miles.

BLUE LINE — Percent frequency of LCC <8000 feet and/or visibility <10 nautical miles.

Albers Equal—Area Conic Projection

Graphs: Low cloud ceiling/visibility

LOW VISIBILITY (NM) 1659 - _ _
CLOUD -
CEILING Vo= |- 5-
(0% FT) <2 <10

NC
50<80
35<50
20<35

10<20
6<10
3<6
1.5<3
0<1.5

N
|

<

v

+ |+ |+ |||~ |W|—=|=]3

—

MO |+ |+ ==+ o+ |

o= |lw|=1+ NS

NIO(+ [+ wl=[+OfOlA
N+ |+ = IN)+ [+ |+
N O [+ {0000 [N j—(~

Percent frequency of simuitaneous occurrence of specified
low cloud ceiling {hundreds of feet) and visibility
{nautical miles).

~- Number of observations.

Low cloud ceiling heights are estimated from the height of
low clouds (h) when low cloud amount {N},) is 25/8.

Obscurations are included under ceiling “0<1.5".

"NC~” {no ceiling) includes bases of clouds 28000 feet or
Nh <5/8.

(8% of all observations reported ceiling 21000 feet
but <2000 feet simultaneously with visibility 25
but <10 nautical miles).

+ indicates <.5% but >0.

4 Legend

Legend 4
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Cloud classification is based upon the cloud appearance and, when possible, the formation process. in estimating the
height of the lowest cloud base (h), the observer first determines the type of cloud; and, based on the normal height range for
that cloud type, determines the height. Heights are generally higher in the tropics and lower at high latitudes. Simiiarly, clouds
will generally be higher in summer and lower in winter. The appearance of the cloud, such as motion visible in the cloud base and
the size of the cloud elements, gives some indication as to how much it is higher or lower than the average. After the observer
estimates the height of the base of the lowest cloud in sight, he selects and records the appropriate code (see height table and
LCC column in graph). Refer to the texts in Sets 3 and 6 for additional information on clouds.

HEIGHT (h) ABOVE THE SEA OF THE BASE
OF THE LOWEST CLOUD SEEN
(WMO Code, 1982)
It sky is clear or has only Cirrus-type clouds, code h as 9.
Code
tigs. Height in meters Height in feet

0 01049 100 or less
1 50 to 99 200 or 300
2 100 to 199 400 to 600

) 3 200 to 299 700 to 900
4 300 to 599 1000 to 1900
5 600 to 999 2000 to 3200
6 1000 to 1499 3300 to 4900
7 1500 to 1999 5000 to 6500
8 2000 to 2499 6600 to 8200
9 2500 or more, or no clouds 8300 or more, or no clouds
i Sky obscured by fog or snow

|
p
4 Legend Legend 4
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4 Ceiling and Visibility (mid range)




Baahaind dy . Sankitd

-y

A e —— p—— - —
n-80
Nikol‘skoe Khatirke-In-Chukot Ugol‘neja Buhta Providenjs
wow | VISIBILIT Y (NM) 5553 cow | VISIBHLITY (NM) 3772 cow [ VISIBILITY (NM) 5158 wow | VISIBILITY (NM) 4649
CLouD cLovp CLouD \ CLoud \
CENING Va- - |2- [5- CEILING Yi-p- 20 a- CEILING 7= - 2- 5- CEILING - R -
el Frlcl,y| <1 <2 <] <1210 el Fmy <yl <1 <21 <51 <i0{ 210 o’ FTy <Yy <Y <2 <5] <10/210 ao? Fny <Yy < <2 <s5] croparo
NC | +| +]| +] 1] 2129 NC |+ T[] 1] 27 2]64 Ne [ 21 V[ 2] 4] 654 NC | +] +| V| 2] 7155
50<80 | +| +| +| +| +| «+ s0<80 | O] +| +{ Of +| + 50<B80 | +| +| +[ +] +[ + socgo| O O +[ +[ +[ +
35<50 | +| +| O] +| +]| ¢ 35¢5C | +| +| +| +| 1] 4 35¢50 1 O] +| O +[ +[ 1 35¢50 ] Of +[ 4] +[ +] 1
Jo<3s| +[ [ V[ 27 3116 20<3s | Y[ v ot 2] Y] % 2035 | T 1 b ] b 4 20¢35 | +| +| V[ 2] 3] ©
vo<z0 | 11 2| 3] 7] 7117 <20 | V| Y] 21 21 2] 2 <20 | 21 2| 3] 3] 3| 3 toc20 | 1y 2] 3 4] 3] 3
6<10 + + 1 1 i + 6<10 + + + 1 + + 6<10 + + 1 1 1 1 T 6<10 + + + + + +
<6 + +| +] +[ +[ + 3<6 +| 0] +| +[ O] + 36 | +| +| +[ +| +[ + 3<6 + +] +| +| O] +
15<3; +[ +[ 4] +1 +1 O} 15<3 ] +| O *] + o+l o+ 15¢3] O O +[ +| +| + Tsc3] O +| #] #[ 0] ©
octs [ 2]+ +[ +1 O +] o<ts | 11 +[ O] O] O + ocrs [ 1] +1 +[ O] Of + o<ts | +] O] O] +] Of +
|
|
1
Norheast Cape Nome Cape Romanzof I
ow [ VISIBILITY (NM) 4198 vow | VISIBILITY (NM) 15680 Ltow | VISIBILITY (NM) 2428 tow | VISIBILITY (NM) 4886
cLouvp \ CLouD 5 i CLouUDd , CLoupn y R |
CEILING 72— '~ f2- f5- CEILING Y-+ 2= 15~ CEILING -0 R- - CEILING -t - -
ae’ Fry <y < <2 <5 <10l210 aoremy|cly| <1 <2| <5|<10{210 ARSI RS 2| <si <rol210 ot Fry <Yyt < «2] <5 <10l210
NC| +[ 1] 1] 3[11130 N 4+ +[ +[ '] 5]53 NC | +] +| +| 1] 7]49! NC | 1] 20 17 423117
so<so | O +| +| C] O] + 50<80 | +| +| +| +] +]| 2 50<B0{ O O O] +| +| 4 so<go | +| +] +| +| VI ¢
35¢<s0 ] O +| O +[ +[ + 35¢50 1 +| +| +| +| '] 2 35<s50f O O +| +[ 1} 4 35¢50 | +| +] Ol +) '] +,
20<38 | +] +[ 4 1] 2( 7 20<35 | +| +| +[ 1{ 3( 3 20<35 | +| +| +| 1] 21 8 20<35 | +] +] +] 2] 5] 2!
<20 +] 1] 3] 5] 8] 5 roc20 | +[ +[ ] 3[ 4] 2 10<20| +| +| +| 2| 3| & 0<20 | +f 10 V| 4 6] 1|
e<to | 11 1 37 3] 5] 2 6<10| +| 17 1 3] 21 + 6<1G6 | O] +| +] 1] 1] 2 e<1i0| +| 1] 2| 3] 51 '
3ce | +! ! 1 1 T o+ 36| +| 1 T 2] 7] + 3<6 | +| O +| + +[ + 3<6 [ +| 1 1 1 10
15¢3| +| +] +[ C] +] O 1.5¢3 )+ 4] +] 4] 4| + 15¢3| O] O] O] O +[ © 15<3| +] O] #[ 0] +1T 7]
0<1.5 4 2 1 +{ +| + 0<t.5 1 2z 11 1+ +] 0< 1.5 1 2 1 1 OL 0 0<1.5 6] 2 1l +1 ¢l C!
Ceape Newenham King Saimon Port Heiden Cold Bay
s | VISIBILITY (NM) 4301 Low | VISIBILITY (NM) 16296 tow | VISIBIL'TY (NM) 157 ow | VISIBILITY (NM) 113840
cLovp cLoup CLouDd Cc.ouD !
CEILING V- it- 2- |5- CEILING Vo- - J2- [5- CEILING Ya-- 2= | CETLING Va-lt- 22— p- i
0ot rryici,yl <1l <2] <s5| <10/ 210 ao?Frry <Yyl <l <2| <s| <iglz10 o’ ey <y, < <2] <5 «10izt0 ol Ty || < <2f <5 <r0jzt.
ne ] T +] +7 T[15120 NC| +] +] +] +] 4149 Nel OF Y[ TP V] 139 NCL +] 4]+l T BT
50<80 | +| +| +j Of +| + so<Bo | +| O] Of +] 1} 4 so<go | O| O] O Of O 4 sgcgo | O Of Cf +[ +{ °
35¢<so | +1 +| O] Of +| + 35¢<50 | +{ 4| +| +] V1| 4 3s<s50] 0| O O] O Of 4] 35<s0 | O +[ +#] +| 17
20<35 | Of +| +] 11 2] 2 20<35 | 4| +| +1 1] 41 9 20¢35| O] O] O] O] 1(17 2035 | +] + +[ T T B
0<20| O +| +| 31 7] 5 o<20 ] +[ +[ 1] 2[ 5] 5 o<zo[ O] 7] O] O] 5] 9 tocz0 | +| +| "I 573731
6o +] 1] 2] 6] 9] 3 6<to| +| +| 1] 1] 27 1 6<i0| O| O] O] 4] 3] 1 6<t0] +| +] 1] 5] 8] 2.
e | +| +] 1] 3] 3] ! 36| +| +| +| 1 1]+ e | G| Of ! 1 11 O 3¢<6 | +| + 32T 0~
1.5¢3 | Of O +[ +] +| + I A T 15¢<3| 0] O] O G| O] © 15<3| +] +| «[ +7 + 0
o<rs| 6] 3] 21 7| 0] © cars | 1T 1 +] +1 + o<is | 4] 2 11 1] Of © octs | 1T 1] M+ 40
: L
Nikoleki St. Paul Adak Shemya
Low [ VISIBILITY (NM) 9455 Low | VISIBILITY (NM) 13735 ow | VISIBILITY (NAM 1Q 42
cLouD Ll _ ~ cLoue oy B ~ CLoud S . J
I CEILING Rl 2- I8 CEILING e Tl LEa P ] CEILING ) - 15
:‘ (ot Fry <1 < <2 <s| <i0f210 oo’ Fy i<y, <1 <2| <s| <10[210 (e’ Fny <l < <2l <5 <0210 '
No Datg Available NCl #] 4] +] T]T4] 9 NC) *+] +] #[ 11107 3 NG| +] +7 +] ' B]TO)
so<cgo| O O] +[ +[ +| + so<Bo | O O] O] +| +| + 50¢g0 | O] O1 O +1 +| +1
35<50 | O] O +| +1 1] 1 35<s0 | O] +| O} +[ 5[ 1 5¢50 | O +| O} +| 2| 2!
‘ 20<35 | +] +| +| 1] 7] 4 20¢35| O] +] #| 2131] 2 20<35 | +] +, +] 113,20
' to<20 | 1] 1] 2] 5[18] 5 10<20 | +| +| 1] 9720] 1 <20 | +| 1| T[ 5]15] 41 ‘
6<10 1 1 1T 31 5] ¢ 6<10 | +| +| 1] 4] 27 + e<to | +| V] 2| 4} 3| +
6| +| V] 2 31 3| + 36 | +| +| +] [ +] + 36 | +| 2| 2] 2| V] +
! 1.5<3 | 4| +| 4| +[ +] + 1.5<3 [ O +[ +| 41 +| © 16¢3| +| +| +| +] +[ O
\ 015 | 4 1] +] +| +] * o5 T 7] 1] 1] +1 O ocs] 31 2] 7] ] 0l %

\
|

April

4 Low Cloud Ceiling and Visibility




g = —— < — —_— - _
11-91
. — e
. Marine Area A Marine Area B Marine Area C Marine Area D i
! Lo | VISIBILITY (NM) 558 Low {VISIBILITY (NM) 3743 Low L VISIBILITY (NMY 5376 ow L VISIBILIT Y (NMY 6379
cLovo ) cLouo ) cLoud . | | clovo |0 o
CEILING n-p- 2- p- CEILING Va- - 2= [5- CEILING R L R A \ ' [ e R L A ci | ‘
(et sy [<hy| < <2f <5] <101210 ao? FOy | <yl <1 <2 <5i <10z10 (1ol FTy <yl <l 2] «5] <r0lzro} | 19! n)}m, <N <2] <s|<rgxo!
ne | 1] ] O 2713732 NC | +]| +[ +| V| 5[13 NG 4]+ +1 Y] B 15‘! i ISR "
so<go | O] O] O O] '} O 50<B0 | Of +| +[ +#[ 11 1 50<80 ] O + +; +| 11 11 t‘- sucgo | O] O] +1 +] +] . [
! 35<50| O] +| O +[ +[ 7 35¢50| O +[ +[ +] 1] 1 35<50 | Of +] +] +] 7] 2} . 35<50 | v 4 +1 +1 27T 31
20¢<35] O] +] +] O] 2] 5 20<35 | +[ +| 1] 2] S5)t2 20<35 | +| +| +] 71 4] 9! ‘ 20<381 «| +| +| 1] 4] 9l l
<20 1] 11 1] 2] 5[ 3 0<20| +| 1| 3| 5[10] 9 toc20 [+ +7 T/ a7T2TTT, |} wezo | | +| T 31110
e<to 1] V[ ¥ 3] 27 2 6<10| +| 1] 2| 2| 4] 2 6<10| +| 1| 2] 3| 5 BJ' . 6<10 q 1 1 4T7 L i
3<6 T 1 21 21 C 3<6 1 T 1] 7] v 1 3c6 1 +| 4+ 1] 1 1 Tl {\ <6 «] P v] 1 2
15¢3 | 1] +| +] +| O + 1.85¢3] 1| +| +[ +[ +| + B +j i i 15¢3 +L <+ ‘T 1
o<is| 4] 2| 3] 1| *| © 05| 3] 2] 2] 1] 11 + oas] 4] 2[ 1] 2] 1] +] ‘ ocis] 9] T V] 7, T+
1 / -7 — - 1
Marine Ares £ 1707 ~65° . 18 L 0 (} /8 A ,,;‘ T 160 | Marine Area F ;
i i T A8 \ !
Lom [VISIBILITY (NM) 6555 1 ! (ron [ISIBI T i Cege
[4%-17.] Oy N ' .
coomel | Pa-- b b- , ¥ Buhta Providerija Una t I [T LR R Cod
el rnicll <y <2 <s{<1qd210] i ! Q 0 | (ot eniict,| <4 <2 <ol <rdaro i
NC| +] +] +] 1] 5['8 ; % | IR
socd0] O O] +{ +f +[ 1 : Nortl | 5o<80] O] +] ! «] «1 *. )
35<850| +| +| +| +| V] 2 () . ' I5cn0 ] +] +| +] +] 1 ;j 3
70<35] +| +| +| 1| 4] & AY 'n % 60 | Joc3s ] +] +| ] *] 4 4@ .
10<20] +] +] 1] 310N j 1 toes0] +, +| '] 2. 8|12 |
tco] +] +[ 2] 3 5 Khatirka-In-Chuk 19 170 , O S
3<6 | +| +} 1| 1T 1 . P <6 +] +| 1] ‘T 2] T |
T.8¢3| +] +| +| +| +| + ; %0/ jomanzo! | EHERBEREE
0<1.5 21 2] 21 2| + i / / \ o s & V2727 T
i ‘ —1 ‘\
/6/—— %‘\ » |
7 L, \ ‘L/‘ T
© /A b =y
A ~ <0 :
X :
N\ N
v & o o el ng Sa j
° |~ >45
/ / pe\Newanha
o P A\
Q Ay i
f ~ / eide
& \ V4 ‘ o
8 ~ S St Par i
. Pau L
550 "akoe L~ o i P
& >85 / $ 0
\ B z id Bay /
o ®
/ A0
/ /
—_———40
/ < _she
® B
—_— / iski
.~ ~ A o )
50 ~N A dak ﬂ

]

o

-~ [E
/@>\\j

4 Ceiling and Visibility (mid range)
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Map 5. Visibility thresholds

TABLE — Percent frequency of visibility (nautical miles).

Albers Equal—Area Conic Projection

Graphs: Visibility thresholds

VISIBILITY (NM) 7

Percent frequency of visibility of various ranges for
designated marine areas and coastal stations.

<5 1.2
I (2.9% of the observed vigibilities were <1 but
5 <] 2 . 9 21/2 nautical mile. Other percentages can be
1 <2 1 2 similarly interpreted.)
| 2<5 3.2
6 <10 30 v Nautical miles | .5 5 10
Kilometers | 1 2 10 | 20
=10 0.8
N= 34D N = Observation count.

5 Legend

Legend 5
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Visibility is a term that denotes the greatest distance from an observer that an object of known characteristics can be seen
and identified with the unaided eye. When the visibility is not the same in all directions, the greatest distance common to one-
half or more of the horizon circle is determined. Visibilities are difficult to measure at sea because of the lack of reference
points. Climatically, many low visibility observations probably are missed because the observer is too busy with other duties
(this is a form of fair weather bias). Also, some observers seem to report reduced visibilities at night because of darkness,
though this tendency has abated in recent years. However, the coarseness of the visibility intervals (see code table) tends to
minimize the problem, thereby permitting the summarized data to be relatively consistent. Visibilities greater than 25 nautical
miles should be interpreted cautiously because the earth’s curvature makes it impossible to see that distance horizontally from

the bridge of most ships.

97
98
99

g0
91
92
93
94
95
96
97
98
99

VISIBILITY (WMO Code, 1982)

Visibility (vv)
inm/km

less than 50 m
50 but less than 200 m
200 but less than 500 m

500 but less than 1000 m

}
}

1 but less than 2 km

2 but less than 4 km

4 but less than 10 km
10 but less than 20 km
20 but less than 50 km
50 km or more

Heavy snow. heavy d

Moderate snow. mod.
Heavy rain
Moderate rain

Light ramn

Visibility (vv)
in yd./naut. mi.

less than 55

55 but less than 220
220 but less than 550
550 but less than 'z n.
V2 but less than 1 n.

1 but less than 2 n.

2 but less than 5 n.

5 but less than 11 n.
11 but less than 27 n.

Code

figs.
yd. 90
yd. 9N
yd. 92
mi. 93
mi. 94
mi. 95
mi. 96
mi. 97
mi. 98

27 n. mi. or more

rizzle

erate drizzle

Fog. thick haze ‘

Mist. haze

Light snow. light dnzzle

The visibility ranges corresponding to various weather types
are as follows:

90
9
92
93
94
95
86
97
98
99

5 Legend
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Nikol'skoe

Khatirka-in-Chukot

Ugoli'naje

Buhts Providenjs

VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) %
<5 5.1 <.5 5.9 <.5 14,2 <5 4.3
S5« 5.1 D < 3.0 RO 8.1 S oo
1<2 6.1 1<2 9.8 1<2 1.5 1<2 10.5
2<5 . 2<5 12.0 2<5 4.6 2<5 12.8
5 <i0 .2 5 <10 7.8 5 <10 11.9 5 <10 17.7
210 .4 210 60.7 210 39.6 210 49.6
N= N= 3702 N= 5289 N= 4710
Norheest Cape Nome Unalakioet chpo Romanzof
VISIBILITY (NM) VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) %
<5 <5 4, <5 3.3 <5 9.2
LR S5 4, S 2.1 S« 7.1
1<2 1<2 5. 1<2 3.0 1<2 5.3
2 <5 2<5 9. 2<5 6.2 2<5 13.8
5 <10 5 <10 22. 5 <10 24.8 5 <10 28.8 i
210 210 53. 210 60.5 210 35.8
N= N= 2202 N= 15445 N= 17545 |
]
Cape Newenhem ( King Ssimon rPon Haiden Cold Bay ﬁ
|
VISIBILITY (NM) VISIBILITY (NM) % YISIBILITY (NM) b VISIBILITY (NM) % ,
<5 <5 1. <5 4.3 <5 4.4
SR S5 2. LR 4.1 S« 3.8
1<2 1<2 3. 1<2 2.8 1<2 5.5
2<5 2<5 5. 2<5 6.5 2<5 13.3
5 <10 5 <10 21, 5 <10 19.9 5 <10 42.5
210 210 66 . 210 62.4 210 30.5
N= N= 1908 N= 2250 N= 13895
Nikoleki St. Paul Adak Shemys
VISIBILITY (NM) VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) a
<.5 <5 6. <5 1.8 <5 3.6
R LR 5. S 2.1 5 < 4.3
1<2 1<2 5. 1<2 5.3 1<2 7.3
2<5 2<5 15. 2<5 18.0 2<5 17.0
5 <10 5 <10 56. 5 <10 68.0 5 <10 5t1.2
210 210 10. 210 4.9 210 16.6
N= N= 1160 N= 2260 N= 19321
January 5 Visibility Thresholds
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Marine Area A Marine Area B Marine Area C ! Marine Area D j
VISIBILITY (NM) Z. VISIBILITY (NM) Z VISIBILITY (NM) Z. VISIBILITY (NM) Z. !
<5 5.8 <5 6.9 <5 4.5 3.1
l Eo. 6.2 5 < 5.9 S<i 3.y : S 2.7
1<2 12.4 1<2 9.2 1<2 6.6 | 1<2 5.1 !
2<5 14.2 2<5 15.3 2<5 12.1 [ 2 <5 1.5
5 <10 15.7 5 <10 23.1 5 <10 28.8 | 5 <10 31.3
210 45,7 210 39.6 210 44 72 I 210 46,2 |
N= 2787 N= 5098 N= 3785 !L N= 6925
Merine Area € 173- 657 . 7 8 )60 lr Marine Area F ‘
VISIBILITY (NM) % N, a VISIBILIT T (NM) % ;
<'5 3'/ /kﬁ YV (NM) N) <'5 5 2
5<1 3.4 - \ 5 < 2.9
1<2 4.9 1 <5 W[/l/ 1<2 5.1
2<5 12.8 A 2<5 12,1
5 <10 34.4 1<2 5 <10 33.8 |
210 40.7 2<5 210 40.9 |
5 <10 N= 6808
ol L=
\ ’1
[ YV oy .
{ ) NW) % ' 4 /4 ﬁ
v . v/\/_i/ A 7 % /( <
P VvV (NM) | : i ‘(\A}
<5 g 6\0
9 5<1 e
1<2 Y
2<5
s5- 5 <10 /_)
.2_10 ///
N=
VV (NM) % vV (NM)
<.5 3.7 <5
5 <1 2.9! 5«1
1<2 5.5] 1<2
2<5 13,01 2<5 .
5<10 31.9] 5<10 591\
500 . A
210 43.0| 210 ]
3500| N= \
5 Visibility Thresholds January
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Nikoi“skoe Khatirke-In-Chukot Ugol'nsja Buhta Providenjs
VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) %
<5 2.9 <D 2.5 <.t 12.6 <5 4.6
S5 7.3 51 2.7 R 7.1 5 3.9
1<2 6.0 1<2 6.3 1<2 10.6 1<2 6.7
2<5 1.4 2<5 9.0 2<5 12.5 2<5 10.6
5«10 16.3 5 <10 7.0 5 <iC 12.0 5 <10 15.0
210 53.0 210 9.5 210 45.3 210 59.2
N= 5464 N= 3250 N= 4843 N= 4361 |
L _J )
Norheast Cepse Nome Unalakieet Cape Romanzof [
VISIBILITY (NM) Z~ VISIBILITY (NM) Z. VISIBILITY (NW) ’_5 VISIBILITY (NM) :’. l
<5 3.7 <.5 3.4 <5 2.6 <5 8.4 }
S« 4.1 S« 3.3 S« 2.5 S < 8.2 |
1<2 8.6 1<2 4.4 1<2 3.0 1<2 6.5 |
2<5 14.8 2<5 8.3 2<5 5.1 2<5 4.2
5 <10 40.3 5 <10 19.3 5 <10 23.6 5 <10 29.9 !‘
210 28.5 210 61.4 210 62.2 210 32.7 !
N= 8840 N= 20107 N= 13990J N= 16381 ’
[ Cape Newenham King Ssimon Port Heiden Cold Bey ]}
VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) % %
<5 3.4 <5 1.6 <5 7.1 <5 5.1
5 <1 3.9 5 <1 2.7 5<i 3.6 5<1 4.0 |
1<2 6.7 1<2 3.5 1<2 2.3 1<2 5.9 |
2<5 15.7 2<5 6.1 2<5 9.5 2<5 12.9 |
5 <10 34.4 5 <10 19.0 5 <10 19.0 5 <10 38.7
210 35.9 210 67.1 210 58.6 210 33.4
N= 17495 N= 17374 N= 2024 N= 12682
Nikolaki St. Paul Adak “ Shemys {
VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) % VISIB'LITY (NM) %
<5 15.9 <5 11.5 <5 1.9 <5 5.3
5 <t 2.0 S5« 6.2 S« 2.5 S5 5.4
1<2 1.2 1<2 5.8 1<2 5.3 1<2 6.9
2<5 5.8 2<5 14.5 2<5 18.0 2<5 10.6
5 <10 37.7 5 <10 50.9 5 <10 67.2 5<10 46 .1
210 37.3 210 111 210 5.1 210 19.7
N= 2032 N= 10535 N= 21255 N= 17646
February 5 Visibility Thresholds
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Marine Area A Marine Area B Marine Area C Marine Area D
{ VISIBILITY (NM) Z VISIBILITY {NM) % VISIBILITY (NM) % VISIBILITY (NM) %
<5 7.1 <5 7.0 <5 4.9 <5 3.1
S5<1 7.3 S 7.5 5«1 4.6 5« 2.8
1<2 9.2 1<2 13.7 1<2 6.8 1<2 5.7
2<5 16.0 2<5 17.3 2<5 12.2 2<5 12.8
5 <10 24 .2 5 <10 20.2 5 <10 26.6 5 <10 31.2
210 35.7 210 34.3 210 44 .8 210 44 4
N= 1617 N= 6409 N= 3929 N= 7088
Marine Ares E 10s 88— [ 18 L 160 |1 Marine Ares F
VISIBILITY (NM) % rJ ’;’ — = j VJCJ “ VISIBILT ¢ (Nuy 2
<.5 3.9 wow g fyouwn 3 | o <5 =R
5 2.8 / <5 7.a| <5 3.7] <3 109 5 <1 2.7
1<2 51 j 5<1 10.1]5<1 3.75< 59 <2 4.8
2<5 12.4 / Sl Ve ee)1<@ 3° 2<5 1.6 |
> <10 4.8 |/ l 2¢5 17.4) 25 13.2)2<5 138 5 <10 33.2
210 41,0 5 <10 -4 10 37.315<0 34.94 210 42.7
N= s10s ||/ o ;5'9 5:10 4 29.8} N= 6919
2 8.0{ 2 4y = ‘
J N= 969 | N=
AT
<5 = Y¥ ()
1 ——
5 <1 50'15 <.5 6. > YV (NM) % VV (NM) % VV (NM) %
T<> 5 < . <.5 7.8 - B
. 5 <5
2¢s 8. ¢ 1<o 6.0{.5<« 7 a 5\1 6.2 1
A 5 6.3 8 A4f5<1 7.2015¢<
a0 2117 [ 25 19l 2’<2 8.8f 1<2 13.5{ 1<2
S0 457 [3<10 44 S o 18.0f 2<5 15.3) 2<5
5. N= 256 § 210 45 S<I0 23.0f5<10 15 5|5 <10
N= g s’_o 35.0) 210 42,6 210
) N = 283 N= 225101 N=
YV (vmy
<5 g5 5 wam g W % vV (NM)
15 <1 3.'2 5<.5 4.2 <5 4.0 <5
52 5573 32f5a 2.9f 5«
' 555 g3, 2<2 6.5( 1<2  5.9| 1<2
o0 307 {5553 11.6] 2<5 12.3] 2<5
=10 457, 2710 30.715<10 34.5}5<10
%0 = 2090 f 19 43,94 20 0.5 210
40221 N= 3515 N=
4
]
5 Visibility Thresholds February
y




114
Nikol'skoe Khetirka-in-Chukot Ugol'nsja Buhta Providenjs
VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) %
<5 4.3 <5 3.7 <5 9.6 <5 4.3
.5 <1 5.1 5 < 2.3 5 < 5.2 5 <! 3.0
1<2 8.4 1<2 6.4 1<2 9.3 1<2 5.7
2<5 1.2 2<5 7.1 2<5 13.4 2<5 9.9
5 <10 15.5 5 <10 5.8 5 <10 11.8 5 <10 4.5
210 55.4 =10 74,7 210 50.5 210 62.5
N= 6021 N= 4081 N= 5299 N= 4900
Norheast Cape Nome Unaslakieet Cape Romanzof l
VISIBILITY (NM) Z. VISIBILITY (NM) 9_: VISIBILITY (NM} ? VISIBILIT Y (NM) '} ‘;
<5 5.3 <5 3.2 <5 1.8 <5 8.8 .
5 <1 4.8 5 <1 3.1 5<1 1.7 5 <] 9.7 |
D 7.1 1<2 4.5 1<2 2.3 1<2 6.1 ‘
2<5 13,9 2<5 9.3 2<5 6.3 2<5 13,9
5 <10 37.2 5 <10 17.9 5 <10 21.8 5 <10 27.1 ‘
210 31.8 210 61.9 210 66.0 210 34.4
N= 9517 N= 21309 N= 14498 N= 18221 |
- —— =
Cape Newenham King Selmon Port Heiden Cold Bay :
mlu'\’ (NM?Y 3 VISIBILITY (NM) 2: \LI_SI_B_ILITY (NM) '_: VISIBLILTY “_) 'r_'-
<5 5.2 <5 1.3 <5 3.1 <5 2.9 k
5 < 5.2 5 <l 2.4 5 <1 2.7 5 <1 3.6
1<2 7.5 1<2 3.3 1<2 2.8 1<2 5.4
2<5 14.8 2<5 5.9 2<5 7.3 2<5 12.2 |
5 <10 32.0 5 <10 18. 1 5 <10 13.4 5 <10 40.2 |
210 35.4 210 69.0 210 70.7 210 35.8 |
N= 19632 N= 19067 N= 2219 N= 13875 ‘
|
Nikolski St. Paul Adask Shemya T;
VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) % s
<5 21.5 <5 8.9 <5 1.9 <5 3.8 |
S5 1.4 S 6.2 S 2.5 5 4.8 |
1<2 0.9 1<2 5.6 1<2 4.5 1<2 7.2
2<5 4.9 2<5 13.9 2<5 19.2 2<5 16 .1
5 <10 32.5 5 <10 47.9 5 <10 66.0 5 <10 45.9
210 38.8 210 17.5 210 5.8 210 220
N= 2228 N= 11597 N= 22123 N= 19367
March 5 Visibility Thresholds
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5 Visibility Thresholds

I1-115

Marine Ares A Marine Area B Marine Area C 1 Marine Ares D j
VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM} % I VISIBILITY (NM} %

<s 1.5 <5 6.6 <5 6.1 || <5 3.1
S5 5.7 SR 4.9 LR 3.4 Sl 2.9 |
1<2 6.4 1<2 9.3 1<Z 6.1 1<2 5.3 ;
2<5 1.7 2<5 16.0 2<5 ir.4 2<5 2.
5 <10 29.9 5<10 25.0 5 <1C 29.5 5 <10 32.4 :
210 34.8 210 38.1 210 43.5 \ 210 44 *

N= 1257 N= 5541 N= 4763 “ N= 8280
Marine Ares E 170 85+ ) ﬁ 18 170° ,Z - /J:/\SO ; Marine Ares F :

VISIBILITY (NM) % } = = TR ‘\\" | wisieuTy v % :
<.5 5.0 ﬂg\/ N % jyvam % \“" ) 55\{ ; ; <5 5.3

5 <1 3.8 <5 10.5) <5 14.8] <5 5'9\ FiSul (EECRS 2.9

212 1?-‘; 5<¢1 6.7)5<1 6.3 5?‘2 22'2\15”' o< "Z

. A X C2¢5 1.

5 <10 32.2 ;lz e 1<<25 151'85 2<5 6.5 s 303
210 41.9 16.2 210 31'0 5 <10 27.3y | 210 a4 .7
N= °< 210 55.61 s gagg

- e
\ p
LY 2 //)l =
A
6. (0 ’ o8
3.1 \ \ L
5 ;s N
5. \ §
10.3 ,J -
3\ 5\/ \_166
43.6 \
2260
- \
NM) %
vy 5 Re)
YV (NW) % VV_(NM) . A
<5 4.3| <5 4.9
S5« 4.41 .50 12.2
1<2 6.1 12 30 .8
2<5 12,91 2<5 43.2
5<10 33.215<10 5528 \
%0 210 39.0! =210 ‘ -
N= 4022 | N= -
\
\
\
March



11-116

VISIBILITY (NM)

Khatirks-in-Chukot

Ugol'nsje

VISIBILITY (NM)

Buhte Providenja

VISIBILIT Y (NM)

<5 4.3 <5 3.5 <5 6.2 <5 2.0
5 2.2 S5 2.3 5 <1 4.0 S5« 2.7
1<2 5.0 1<2 4.6 1<2 6.2 1<2 5.3
2 <5 10.9 2<5 8.4 2<5 9.2 2<5 1C.4 |
5 <10 13.2 5 <10 6.4 5 <10 1.7 5 <10 13.4
210 64 .4 210 74,7 210 62.8 210 65.7 |
N= 5629 N= 3804 N= 5185 N= 4682 |
Norheast Cape Nome Unalskieet Cape Romanzof 1“
VISIBILITY M 5_5 VISIBILITY (NM) Z. VISIBILITY (NM} Z. VISIBILITY (NM) z E
<5 4.7 <5 2.0 <5 1.4 <5 7o
S <1 5.2 5« 3.7 S <« 1.9 S« 8.2
1<2 9.8 1<2 5.0 1<2 1.8 <2 6.7 :
2<5 14.3 2 <5 10.5 2<5 4.7 2<5 4.7 |
5 <10 31.6 5 <10 16.3 5 <10 15.0 5 <10 30.0 |
210 34.4 210 ©2.5 =10 75.2 210 33.¢ |
N= 10105 N= 21334 N= 14615 N= 18729
)
Cepe Newenham King Seimon Port Heiden Coid Bay "
VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) % "
<5 4.6 <5 0.8 <5 3.4 <5 1.9 }
S < 5.0 5« 1.5 S« 3.0 S5 2.6
1<2 7.5 1<2 2.9 1<2 2.7 1<2 4.8
2<5 17 .1 2<5 6.0 2<5 8.4 2<5 4.8
5 <10 30.8 5 <10 16.8 5 <10 13.2 5 <10 39.7
210 35.0 210 72.0 210 69.3 210 36.2
N= 19132 N= 18476 N= 2119 N= 13435
Nikolski St. Pavl Adak Shemya ];
VISIBILITY (NM) 5 VISIBILITY (NM) Z. VISIBILITY (NMY Z. VISIBILITY (NM) :’. !
<.5 20.3 <5 6.4 <5 0.7 <5 3.1
S« t.5 5 < 5.0 S« 1.4 5 5.0
1<2 1.2 1<2 5.7 1<2 4.0 1<2 7.4
2<5 4.9 2<5 15,1 2<5 19.8 2<5 15.6
5 <10 33.5 5 <10 49.9 5 <10 67.8 5 <10 42.6
210 38.6 210 17.9 210 6.2 210 26.4
N= 2148 N= 11096 N= 22216 N= 18724

April

5 Visibility Thresholds



e ety

PtV
s

117
]—“b)llrmoﬁAruA Marine Areq B 7 Marine Area C 'rMarino Ares D i :
! H i
: vaS|a|L\Tvr(N__M) % MILlTY(NM) % VISBILITr (NMJ % ;“ viSiB. Ty X % i
. \ ]
| <5 8.4 <5 6.4 <5 £ “ <5 2.9 i
3 5 <1 6.0 5 <1 5.3 5 < 3.4 5 < 2.4
-2 5.7 1<2 7.8 <2 5.7 e 5.3 {
L 2<s 10.5 <5 13.2 245 3.4 L 2<s 13.0
) .
L 5<10 25.5 5 <10 28.8 5 <10 29,1 1 5« 30,6 |
‘\ 210 43.9 210 38.5 210 a1.a 210 43.7 |
\ N= 581 N= 4142 N= 6158 ‘ Nz 7490
{ i
L ] i _ JL
I Marine Ares E 170 857 160 : Marine Ares F
YISIBILITY (NM) % L ¥ SIB.LITY (NM) %
j <5 4.5 | <5 46 |
| 5 <1 2.9 [ 5< 2.7 |
] 1<2 5.5 ‘ | 1<2 4.8 ;
2<5 11.9 i b2<5 0.1
' 5<10 33.3 L s<i0 29.0 |
l 210 41.9 | 210 48.9 |
Nz 8652 I Ns 95 5J
VV(N
;; \&)
K‘ <.5 5‘ 'VL(LM) %
-5 <7 -9 <.5 - AAALT)) % VYV (NM) =
T<2 3.3 5 <1 8.3 <5 ¢ B
2¢5 8.7 1o 10.5{ 5 5-2 <5 5.2 N
1 S<10 1. 3 2¢<s 6.8 1<2 4'5 S5<1 8.2
. 210 20, > 3.8 5 -8) 1<2 8.9
5 5 <10 <5 16.4
N~ 0 R 19.5 {5 <10 2<5 11,0 y
S5 540 { SO 59, 22.645<10 30.9
= : 210 44 51 > |
133 - . 210 35.9
N 146 N= 757
VV(NM) o——
%
<5 4:6 A YN % vV (NM)
,5 T3, 5<'5 4.3) <5 3.6 <5
2<2 4 ',:' 3.6 {5<1 3.1{5<1
5er 1214 5 2 5.0 1<2 5.4 1<2
éIOO 33]g 5<1<05 11.91 2<5 14.0) 2<5
v= 3174 50 33.215<10 34.7)5<10
S0 = 319 N 2.0) =0 39.2) =0
= 4531 N= 4172 N=

5 Visibility Thresholds
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i-118
l Nikol'skoe Khatirka-in-Chukot [ Ugol'naje i Buhta Providenjs ——"
VISIBILITY (NM) % VISIBILITY (NM) % VISIBLLIT Y (NM) % VISIBIIT Y (NM) %
! <5 8.4 <5 8.8 <5 6.5 <5 2.5
L 5« 0.9 5 < 1.4 5 <1 2.0 5l .
‘ 1<2 1.9 1<2 4.9 1< 5.3 1<2 5.5
25 9.1 2<5 8.8 2<5 8.7 2<5 1eLT
5 <10 15.7 5 <10 8.0 5 <10 11.6 5 <iC 13,7
210 64 .90 210 ©8.2 210 ©5.8 210 o4, 3
N= 5710 ‘l N= 3508 N= 5057 N= 476
1 L
Norhsast Cape | ’ Nome Unaslakles? 1 Cape Romanzof o
VISIBILITY (NM) I l’ VISIBILITY (NM) 4 VISIBILITY (NM) ~ VISBILIT Y (NM, -
<5 4.0 ’ <5 1.8 <5 1.6 <.5 2.5
5 <1 4.5 ’ 5l 2.2 5 <l 1.3 5 <) 2.
1<2 6.8 |l 1<2 3.7 1<2 1.2 1<2 S
7 <5 13,1 | 2<5 6.8 245 2.0 |j 0 2<5
5 <10 30.2 I 5 <10 12.2 5 <10 7.7 5 <10 270
210 41,3 ‘ 210 73.3 z10 85.2 210 496
Nz 10469 ) N= 21321 N= 14942 N= 18907
- Cape tiewenham '( King Salmon ]( Port Heiden 7 Cold Bay
YISIBILIT Y (NM) K ) VISIBILIT Y (NM) % I VISIBILITY (NM) K] VISIBILITY (NM =
<5 4.5 | <5 1.4 <5 2. <5 L
A< 4. ! 5 < 0.7 < 1.7 A< 3
<2 5.7 ! <2 1.2 <2 2.1 1< 2.4
2 <5 [ 2 <5 3.4 2<5 5.4 2<5 9.z
5«10 22.6 5 <10 13.6 5 <10 8.3 5 <10 39.2
210 52.0 210 79.7 210 80. 3 210 46 .4
Mz 19659 N= 18359 N= 2120 N= 3153
|
‘ Nikolski $t. Pav) Adak Shemys
VISIBILIT ¢ (NM) % VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) K
<5 26.0 <5 7.2 <.5 0.2 <5 2.3
RY! .4 5 < 5.8 S« 0.6 S +.9
V<2 1.1 1<2 6.0 1<2 2.6 12 a7 ‘
\ 2<5 4.6 2<5 15,3 2<5 19.2 2<5 'S5 \
| 5 <10 30.5 5 <10 47 .4 5 <10 70.9 5 <10 41,3
210 36.3 210 8.3 210 6.4 210 26.9 |
| N= 2200 N= 105006 N= 22293 N= 18906 {
| J )
May 5 Visibility Thresholds
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1-119
‘ Marine Area A Marine Area B jarine Aree C Marine Area D
{ VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM)J %
<.5 10.7 <.5 10.2 <.5 10.4 <5 4.2
5« 4.1 S5 4.7 5« 2.6 5 2.0
1<2 7.2 1<2 5.9 1<2 5.0 1<2 3.9
2<5 11.9 2<5 12.0 2<5 14,7 2 <5 10.5
5 <10 29.4 5 <10 31.3 5 <10 26.3 || 5<10 3.8 |
210 36.7 210 35.9 210 41,7 210 44 .6
N= 1035 N= 3825 N= 9116 N= 8511
’Tmu Ares E ~ 1680 Marine Ares F 1‘
- < i
VISIBILITY (NM) i K VIS BLITY (N % !
<.5 YV (NM) % VV (NM) % v (RW) ‘ \ <5 4.6 j
5 < <5 12.0l <5 12,2} <5 & - 5 < 2.7
1<2 S<1t 5,315<1 4.3 5<1 2.3 1<2 3.8 |
2<5 1<2 7.501<2 5.2} 1<? 7.1 2<5 9.9
5 <10 ) <5 9.9, 5<10 29.5
2<5 14 2<5 2.6} 2
210 5<10 29 ; 5 <10 33.9(5<0 27-51 210 49.5
N= -1 : 44.8 ‘ N= 0942
210 31.3] 210 41.74 20 71,
,JJ , 550 N= /i?\ —

/// % 1y - \ P ;
2N/ L4
any V/(N_‘ﬂ I~ _

/) YWNMW % vV (NM) . 10 i{\\v % ‘J/ ‘
- <. . A S e
. 2<5 5 <? : 5<<? [/ ) -

) /5 <10 : 5.24- r/

/210 12 5.1 1<2
/ N= 2<5 8.7 2<5 \
s | 5<10 23.5(5<10 .
* 49.4 210 P
/ 1091 | N= -
% \
/ %gm WM % VV (NM) ) \
5< <5 6.4 <5 )
1<2 S5« 2.71.5«1 .9
e 1<2 4.4 | 1<2 A
5 <1 . 2<5 11, Q 2<5 2
. 7 ey 33-6 [5<10 34.6 {5<10 6037 \
9 = \\
\
\\\
5 Visibility Thresholds May
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Nikol'skoe

VISIBILITY (NM)

Khetirka~in-Chukot

VISIBILITY (NM)

Ugol‘'naje

VISIBHLITY (NM)

Buhts Providenja

VISIBILIT Y (NM)

<5 16.9 <5 15.9 <5 10.0 <5 5.7
5 <1 0.6 5«1 0.7 S5« 0.8 b« 2.
1<2 1.7 1<2 3.0 1<2 1.8 1<2 8.6
2<5 9.1 2<5 8.3 2<5 5.1 2<5 12.0
5 <10 15.9 5 <10 8.1 5 <10 8.6 5 <10 10.4
210 55.9 210 64.0 210 73.7 210 61.3
N= 5502 N= 3448 N= 4902 N= 4534
&Novhoul Cape Nome Unslskiost Cape Romanzof i
VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) %
<5 7.4 <5 2.7 <5 1.6 <5 5.5 |
5<1 3.9 5<l 2.4 5<1 1.6 5 < 4.6
1<2 4.9 1<2 3.4 1<2 1.4 1<2 3.5
2<5 11.0 2<5 6.5 2<5 2.7 2<5 1.7
5 <10 26.8 5 <10 11.9 5 <10 9.3 5 <10 29.0
210 46 .1 210 73.2 210 83.3 210 46.7 |
N= 9923 N= 20628 N= 14476 N= 17765 |
i
['Cuu Newenham King Sefmon Port Heiden rCold Bay }
VISIBILITY (NM) % VISIB|LITY('1W_A_) Z. VISIBHLITY (NM) :. VISIBILITY (NM) Z. :
<5 5.1 <5 1.8 <5 1.2 <5 1.3 |
5« 3.4 5« 1.3 S5 2.1 5« 1.2
1<2 5.7 1<2 1.5 1<2 2.4 1<2 3.1
2<5 13.7 2<5 4.1 2<5 8.0 2<5 9.0
5 <10 20.6 5 <10 13.2 5 <10 9.2 5 <10 33.9
210 51.5 210 78,1 210 77.2 210 51.5 |
N= 18410 N= 17756 = 2081 N= 12720
Nikolski St. Paul Adek Shemyas
VISIBILITY (NM) Z- VISIBILITY (NM) '_’. VISIBILITY (NM) 7_: VISIBILITY (NM) 3 "
<5 42.0 <.5 11.9 <5 0.9 <5 15 .1
5« 1.5 5 < 6.8 5« .4 5 <1 7.6
1<2 1.6 1<2 6.3 1<2 3.7 1<2 8.8
2<5 6.3 2<5 14 .8 2<5 21.2 2<5 16.0
5 <10 19,1 5<10 44 .8 5 <10 65.9 5 <10 31.8
210 29.4 210 15.4 210 6.8 210 20.5
N= 2200 N= 10026 N= 21504 N= 18421
June 5 Visibility Thresholds
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Marine Area A

VISIBILITY (NM)

<5
S«
1<2
2<5
5 <10
210
N=

Marine Ares 8
k4 VISIBILITY (NM) %
2 <5 16.2
8 S5« 3.6
.3 1<2 5.7
.6 2<5 12.2
7 5 <10 29.3
3 210 33.0
2 N= 5590

Marine Area C

VISIBILITY (NM)

<5
51
1«2
2<5
5 <10
210
N=

Marine Ares D

VISIBILITY (NM)

<5
5
1<2
2<5
5 <10
210
N=

Merine Ares £

VISIBILITY (NM)
<.5
5«1
1<2
2<5
5<10
210
N=

pAALLY
<.5
S<1
1<2
2<5
5 <10
210

.5
S<t
1 <2
: 2<s
S<io
210
N=
5854
\]
500

N=

§2<5 5.7

yom %
<5 15.7
5«1 1.8 -
1<2 3.9

5 <10
210

YV (NM)

<5
S5<1
1<2
2<5
5 <10
210

VvV (NM)
<.5
S
1<2

N= 2495

ALY
<5 15.0
5<1 3.7
1<2
2<5
5 <10

N=

210 32.8

Marine Ares F

Y <.5
5 <

1<2
2<5
5 <10

5 Visibility Thresholds




0122
Nikol'skoe Khatirka-in-Chukot Ugoi’najs Buhts Providenja
VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) %
<5 25.3 <5 22.4 <5 10.9 <5 4.6
5 < 0.6 5«1 0.5 S < 1.0 S 2.1
12 2.1 1<2 3.8 1<2 2.0 1<2 10.6
2<5 12.8 2<5 8.5 2<5 5.5 z2<5 12.6
5<10 13.7 5 <10 8.3 5 <10 8.4 5 <10 12.0
210 45.5 210 56.5 210 72.3 210 58.1
N= 5409 Nz 3296 N= 4981 N= 4458
Norhesst Cape Nome Unalakiest Cape Romanzot
VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (500) %
<5 4.1 <5 t.5 <.5 0.5 <5 5.1
5 3.8 5 < 2.6 5« 0.7 5 < 4.7 |
1<2 6.8 1<2 5.4 1<2 1.4 1<2 2.8
2<5 4.6 2<5 9.9 2<5 3.2 2<5 2.2
5 <10 30.1 5 <10 16.5 5 <10 12.1 5 <10 31.7
210 40.7 210 64 .1 210 82.2 210 42.0
N= 10653 N= 21311 N= 15878 N= 18733
rClpo Newenham ﬁr King Seimon ;][ Port Heiden Cold Bay ‘!
VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) %
<5 5.4 <5 2.4 <5 2.9 <5 2.6
LRS! 4.9 S 1.3 S < 4.7 SRY 2.6
1<2 8.1 1<2 3.0 1<2 3.5 1<2 5.6
2<5 17.6 2<5 7.0 2<5 9.5 2<5 13.7
5 <10 23.0 5 <10 6.4 5 <10 10.5 5 <10 37.0
210 41.0 210 69.9 210 68.9 210 38.7
N= 19518 N= 18345 N= 19380 N= 13868
Nikolski St. Paul Adak Shemya B
VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) %
<5 67.9 <5 18.3 <5 1.8 <5 28.2
5 1.8 5 9.0 5 < 2.4 S5 111
1<2 0.6 1<2 9.4 1<2 6.4 1<2 10.6
2<5 3.9 2<5 18,1 2<5 25.7 2<5 15.6
5 <10 9.2 5 <10 34.7 5 <10 57.4 5 <10 21.8
210 16.5 210 10.6 z10 6.3 210 12.6
N= 2485 N= 10322 N= 22117 N= 19082
July 5 Visibility Thresholds




Wanno Area A Marine Area B Marine Area C Marine Area D
VISIBILITY (NM) ’_5 VISIBILITY (NM) Z VISIBILITY (NM) Z VISIBILITY (NM) Z.
<5 13.7 <5 16.8 <5 15.5 <5 16.5
51 3.2 5 5.4 5« 4.7 S <1 5.4
1<2 4.2 1<2 8.0 1<2 5.6 1<2 6.0
2<5 8.7 2<5 14.9 2<5 13.7 2<5 14.0
5 <10 24.3 5 <10 29.2 5 <10 28.0 5 <10 29 .1
210 45.9 210 25.06 210 33.0 210 8.4
N= 3619 N= 5720 N= 9363 N= 8520 |
| L i
[ Warine Area E 1y 88 ] 1804 ( Merine Ares F \
VISIBILITY (NM) % - VIS:IBILTY (NM)Y % "
<5 20.9 A womn <5 4.4 |
S<1 6.0 <5 22.1 S« 4.9
1<2 6.2 A<t 2.8, 1<2 5.3
2<5 13.4 ; 1<2 5.0 2<5 10.6
2 <IG 28.0 2<5 10‘& 5 <10 28.3
210 26.3 5<10 219 210 36.5
| N= 1777 “ 210 39.0 N= 11314
' N= 1443 -
/;j % quy “ 3
<.5 Y a
S <7 YV (NM) z vV (NM) 5 }
7(2 - = —_— & [
2<5 <5 18.4) <5
, 5<7O S5« 4,615
210 1<2 7.91 1<2
N= 2<5 15,6 2<5
58 5<10 28.0{5<10
210 25.44 210
N N= 2441, N=
VV (NM) % VV (NM)
<5 20.8 <5
5<1 6.64.5<
1<2 7.5 1<2
2<5 14.3) 2<5
<10 27.215<10
50 210 23.6 210
N= 61421 N=
5 Visibility Thresholds July
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Nikol‘skoe Khetirks-in-Chukot Ugol'neje Buhta Providenja
VISIBILITY (NM) % VISIBILITY (NM % VISIBILITY (NM) % VISIBILITY (NM) %
<5 15.2 <.5 15.0 <5 8.4 <5 2.7
5 0.4 S5 <1 0.3 S5« 0.7 5 1.3
1<2 2.5 1<2 3.9 1<2 3.2 1<2 7.0
2<5 10.9 2<5 10.6 2<5 7.1 2<5 12.6
5 <10 15.1 5<10 9.5 5 <10 12.8 5 <10 15.0
210 55.9 210 60.7 210 67.8 210 61.5
N= 5334 N= 3318 N= 4877 N= 4520
Norheast Cape Nomse Unaslakiont Cape Romanzof
VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) %
<5 3.3 <5 0.8 <5 0.3 <5 2.9
S« 3.0 51 2.1 5 0.0 S« 4.8
1<2 7.4 1<2 5.1 1<2 1.0 1<2 4.3
2<5 16.2 2<5 10.7 2<5 3.8 2<5 13.0
5 <10 32.4 5 <10 19.7 5 <10 15.5 5 <10 30.7
210 37.7 210 61.5 210 78.3 210 44 3
N= 10877 N= 27799 N— 15788 N= 18816
Cape Newenhem King Saimon ‘7 Port Heiden Cold Bay
VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) %
<5 4.0 <5 2.5 <.5 3.6 <5 1.8
5« 5.0 S5« 1.6 b5« 3.9 S« 3.4
1<2 7.2 1<2 3.3 1<2 4.0 1<2 7.0
2<5 17.4 2<5 8.7 2<5 9.7 2<5 15.5
5 <10 24 .4 5 <10 21.2 5 <10 1.8 5 <10 38.2
210 42.1 210 62.8 210 67.0 210 34.0
N= 2013 N= 18828 N= 2005 N= 14376
Nikolski St. Paul Adak Shamya
VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) %
<5 58.5 <.5 13.0 <.5 1.9 <5 24.6
S5« 1.5 5« 7.9 S5« 2.2 S« 10.0
1<2 1.3 1<2 8.5 1<2 6.4 1<2 9.0
2<5 3.8 2<5 171 2<5 25.4 2<5 14.5
5<10 14.9 5 <10 41.3 5<10 58.1 5 <10 25.0
210 20.0 210 12.1 210 6.0 210 16.8
N= 2476 N= 11089 N= 22130 N= 19015
August 5 Visibility Thresholds
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Marine Ares D

Marine Arep £

YISIBAITY tnpy

I1-125

TY (NM) %

<5 5.8
-4 5 < a7
-9 1<z 5.8
6 2<5 1.8
.6y 5 <10 27 .1 /
74 34.9

” VY (NM) % \0.2(
W<(;m 15,1 <5 13.7 ‘;? 3.2 d
5<1 6.6(.5< 4.8 2 5.9 :
. ' 6.81 1 9 \J
1<2 7.3§ 1<2 2<5 16.
2<5 16.5| 2<5 16.7 5<10 25-9 ¢\«
5<10 25.7{5<10 32.6 z10 38.2
210 28,9 210 2552 N= 3742
= N = 46
N= 1885 -
%
vV (NM) -
vV N % 16.2
"-—-—2‘;‘" 19’50 <5 17.5 5‘3 4.9
51 47051 4.5 a2 8.0
12 e7lhia 55112 &
2<5 12,31 2<5 12.8 5<0 26.8
<0 27.215<10 29.2 210 34’3
210 30.1%1 210 30.6 N= 783
N= 6719 | N= 8301
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Nikol’skoe Khatirka-in-Chukot Ugol’'naja Buhts Providenja
VISIBILITY (NM) z. VISIBILITY (NM) Z. VISIBILITY (NM) 5 VISIBILITY (NM) Z.
<5 4.7 <5 6.4 <5 2.5 <5 0.9
5 <1 0.2 5 <1 0.3 5< 0.5 5 <1 0.7
1<2 0.9 1<2 2.4 1<2 2.1 1<2 3.6
2<5 7.3 2<5 7.9 2<5 7.5 2<5 8.7
5 <10 14.3 5 <10 6.3 5 <10 15.8 5 <10 13.9
210 72.5 210 76.8 210 71.6 210 72,1
N= 5294 N= 3190 N= 4824 N= 4337
o N
Norhesst Cepe Nome Unatakiset Cape Romanzof ;
VISIBILITY (NM) Z. VISIBILITY (NM) Z. VISIBILITY (NM) Z. VISIBILITY (NM) 5 i
‘ <5 1.7 <5 0.3 <5 0.2 <5 1.2 l
5 < 2.6 5 <1 1.0 5<1 0.2 A< 2.5 |
1<2 4.9 1<2 2.4 1<2 0.5 1<2 3.2 |
2<5 14.0 2<5 7.0 2 <5 1.5 2<5 1.0 |
5 <10 37.9 5 <10 20.4 5 <10 15.5 5 <10 32.6 |
210 39.0 210 68.7 210 82.1 210 50.6
N= 10867 N= 21074 N= 15346 N= 18226 |
_J
Cape Newenhem King Salmon Port Heiden o ) Cold Beay ﬁ‘
VISIBILIT Y (NM) % VISIBILITY (NM) Z. VISIBILITY (NM) Z. VISIBILITY (NM) 'i:
<5 1.0 <5 1.4 <5 0.4 <5 0.4 |
5 < 1.8 5 <1 0.5 5 < 0.6 5 <1 2o
1<2 3.5 1<2 1.0 1<2 1.4 1<2 3.8 l
2<5 11.3 2<5 4.2 2<5 6.1 2<5 10.0 ‘
‘ 5 <10 29.5 5 <10 20. 1 5 <10 16.5 5 <10 44,0
210 53.0 =10 72.8 210 74 .9 210 40.5 |
i N= 19786 N= 18216 N= 2103 N= 13918 }
L |
i Nikotski $t. Peul Adak Shemyas }
# VISIBILITY (NM) 2! VISIBILITY (NM) Z. VISIBILITY (NM) ’_: VISIBILITY (NM) '5 \I
<5 32.8 <5 5.1 <5 0.3 <5 5.3 }
5 <1 0.9 5 <1 3.5 5 <1 1.3 5 <l 4.3 |
1<2 0.7 1<2 4.6 1<2 4.1 1<2 5.5
2<5 4.7 2<5 111 2<5 21.0 2<5 11.4
5 <10 23.3 5 <10 57.5 5 <10 65.8 5 <10 41.2
210 37.5 210 18.1 =10 7.5 210 32.3
N= 2382 N= 10315 N= 21505 N= 18936
September 5 Visibility Thresholds
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Marine Ares A Marine Ares B ( Marine Area C r Marine Ares D
VISIBILITY (NM) Z. VASIBYLITY (NM) 5 VISIBILITY (NM) z VISIBILITY (NM) Z.
<5 2.1 <5 5.0 <5 4.3 <5 4.0
S < 2.0 LY 2.9 S5 2.7 5«1 2.0
1<2 3.0 1«2 6.1 1<2 5.2 1 <2 4.0
2<5 6.4 2<5 12.7 2<5 14 .4 2<5 a.7
5 <10 24.2 5 <10 31.4 5 <10 31.7 5 <10 31.6
210 62.3 210 42.0 210 41,7 210 47.8
N= 2305 N= 8282 N= 7505
[ Marine Ares € 1 o 80 ] /0|l Merine aree 1(
VISIBILITY (NM) % ! - ‘ 7 ‘ C/\ ‘ WoSIBILITY INMY % :
<5 6.3 ﬂ wow 3 w3 }weR F O | 5.6 |
{5 2.6 <5 2.5 <5 2.6) <3 2‘5 o s« 27
| 1<2 4.4 s<t 1els<r 2,154 2 j 1<2 3.8
L 245 10.6 1< 26} 1< 2.8} 1< 3-1 | 2¢ 9.0 |
; 5 <10 . ) 5 5. 10 8.7 |
‘ 210 2;2 5252 {ah 2:12 298'12 52<<10 25 4‘| ’ S0 go 4 }
N= 5 24.8)5 L0 60.64 N= 10551 |
210 61.1) 210 55.24 ¢ 1035 7 |
/ N= 689 | M= 520 ¢ NF o
i /"V(N
Py g2
/ <s
/\ 75 <7 % { R CTIE S SR
/" 2:52 <5 2.1] <5
b sy 6. 5<t 2.9)5<1
g 25 22, 1<2 7.3} 1<2
v~ 83 2<5 12.1{ 2<5
557( 5<10 34.2{5<10
- 210 41.5¢ 210
L / N= 730 N=
./(
L ( -
VV (NM) Z- vV (NM)
<.5 6.6 <5
5«1 2.4 .5
1 1<2 4.6 1<2
2<5 10.3 2<5
» 5<10 30.715<10
. >
— 210 45.51 210
| N= 4900 | N=
{
5 Visibility Thresholds September




11128

Nikol’skoe

VISIBILITY (NM)

Khatirka-in-Chukot

VISIBILITY (NM)

Ugoi‘najs

VISIBILITY (NM)

Buhta Providenje

VISIBILITY (NM)

<5 1.4 <5 1.3 <5 4.1 <5 1.2
5«1 0.5 S 1.0 S5« 3.2 5«1 1.4
1<2 1.1 1<2 2.2 1<2 6.0 1<2 4.1
2<5 5.9 2<5 9.1 2<5 11.3 2<5 8.8
5 <10 18.6 5 <10 5.5 5 <10 13.6 5 <10 19.6
210 72.5 210 80.9 210 61.8 210 65 .U
N= 5552 N= 3551 N= 5148 N= 4556
Norheast Cepe Nome Unalakleet Cape Romanzof
VISIBILITY (NM) Z. VISIBILITY (NM) ’_: VISIBILITY (NM) Z. VISIBILITY (NM) 3
<.5 1.3 <5 0.7 <.5 0.6 <5 2.3
5« 1.9 5 <1 1.5 S« 1.0 5 3.8 r
1<2 5.0 12 2.8 1<2 1.4 1<2 3.1 i
2<5 12.5 2<5 7.4 2<5 3.2 2<5 9.2 |
5 <10 44 .7 5 <10 20.5 5 <10 18.7 5 <10 33.6
210 34.6 210 67. 1 210 75.2 210 47.9 l
N= 11097 N= 21813 N= 15781 N= 18667 i
I |
Cape Newenham King Salmon Port Heiden ] Coid Bay 1
YISIBILITY (NM) % VISIBILITY (NM) Z VISIBILITY (NM) K VISIBILITY (NM) K '
<5 0.5 <5 1.3 <5 0.6 <5 0.3 ]
Sl 1.8 5 1.0 S5 A 1.2 5 0.7 i
1<2 2.9 1«2 1.4 1<2 1.6 12 1.8 !
2<5 11.0 2<5 3.9 2<5 5.9 2<5 8.2
5 <10 34.7 5 <10 21.2 5 <10 17 .1 5 <10 50.7
210 49.0 210 71.3 210 73.6 210 38.3
N= 20546 N= 18847 N= 2043 N= 14380
Nikolski $t. Paul Adek Shemys
VISIBIL'TY [NM) % VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NN %
<5 10.6 <.5 0.8 <.5 0.2 <.5 1.5
5«1 0.7 B« 1.2 A<« 0.5 5« 2.1
1«2 0.4 1<2 2.3 1<2 2.8 1«2 3.8 i
2<5 6.3 2<5 9.4 2<5 16.0 2<5 11.4
5 <10 35.9 5 <10 67.6 5 <10 72.9 5 <10 49.0
210 46.1 210 18.6 210 7.6 210 31.5
N= 24672 N= 11311 N= 22271 N= 10588
October 5 Visibility Thresholds
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Marine Area A Marine Area B Marine Area C T Marine Area D
VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (KM) % VISIBILITY (NM) %
<5 1.7 <5 2.2 <.5 1.3 <.5 1.8
53 2.2 5«1 2.0 S 1.7 5 < 1.4
1<2 3.9 1<2 4.0 1<2 4.4 1<2 2.6
2<5 10.3 2<5 13.6 2<5 14,2 2<5 9.6
5<10 25.1 5 <10 36.3 5 <10 37.2 5 <10 31.8
210 56.8 210 41.8 210 41 .1 =10 52.6
N= 1374 N= 1795 N= 4302 N= 6867
. =~ 65 N — o . rine Are
Marine Ares € 173 5 @7 ) 18 '1‘1_7:’-—1 - "\)160 Me Area F |
VISIBILITY (NM) % f -r' 1 7. N VISIBILITY (NW) 3 !
<.5 2.5 YV INMD % Juv NN % vy () - ’j <.5 1.5 I
5<1 1.7 <5 2.20 <5 3.0 0.0 5< 16
1<2 3.2 5<t 2.7/5<1 "4Y <2 3.0
2<5 10.8 '1<2 ) ‘1<2 . 2<5 9.3
5 <10 33.5 | 4.4 : 5 <10 30.8
210 48.2 2<5 10,74 2<5 210 53.9
N= 9001 / 5<10 26.35<10 N= 9724 |
210 53.7§ 210 i
/ ' / N= 925§ N= >
p Vv (N, Pl !/V
y = = Ve Py
{ <.5 = YV (o = (% o
P 75 <7 72'00 <.5 ‘O YV (vw) % VY (NM) % vV (NW) (‘\g < ;" . J\/T\L‘
5 25 267 2.0(sT 05 <5 1.2y <5 5\ } RN
f 5<<5 9912 4g(7 1ysa 2apsa ' [
% érolo %5 52<5 75 2’<2 3.8) 1<2 3.4 1<2 } f
N~ 8.5 ;10 27545 <1<5 12.1) 2<5 15.3) 2<5 2060 \
55 T12g | 210 565|710 31.9f5<10 33.615<10 076 W i
= 3 ;}’_0 50.5) 210 43.g| 210 —
N T 1821 N= e66 ) N=
 \
X vy v ‘\Z 4
S<,5 2.‘ . a4 YV (NM) % vV (NM) . '\.,6
T dlgfsY 260 <5 2.6) <5 2.2 50 5
2<2 3307 1.9)5<1 - 2,21 5«1 1.3 <2 36
50 96 ) s 381w 351 2.6 245 T
20 28.705y 1021 2<5 9,51 2<5 52.3
o N 3%.4 ] 50 31.515<10 31.515<10 B
T 3133 o 29.00 210 511! 210 ’
= 3939 ] N=  4293! N=
i
5 Visibility Thresholds October
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Nikol'skoe Khetirks-in-Chukot Ugol‘'nsja Buhts Providenje
VISIBILITY (NM)} % VISIBILITY (NM) % VISIBILITY (NM) VISIBILITY (NM) %
<5 2.2 <5 4.1 <5 .4 <5 2.7
S 1.5 RY 2.5 S5« .7 S« 3.6
1<2 3.3 1<2 5.4 1<2 .2 1<2 7.8
2<5 9.1 2<5 8.8 2<5 L5 2<5 13.2
5 <10 17 .4 5 <10 6.5 5 <10 .T 5 <10 8.
210 66.5 210 72.8 210 .0 210 54 .6
N= 5297 Nz 3278 N= N= 4328
| |
Norheast Cape Nome [ Unaelakieet Cape Romanzof v]'
VISIBILITY (NM) % VISIBILITY (NM? % VISIRILTY (NM) VISIBILITY (NM} % i
<5 3. <5 2.4 <5 <5 5.2 |
5 <1 4, 5 <1 4.0 5 <1 5 <1 5.5 |
{ 1<2 9. 1<2 5.1 1<2 1<2 4.7
2<5 19. 2<5 9.7 2<5 2 <5 13.4
5 <10 45, 5 <10 24.6 5 <10 5 <10 341
) 210 V7. 210 54 .1 210 210 37.2
| N= 10394 N= 21113 N= N= 17766
[ |
Cape Newenham King Salmon Port Heiden Cold Bay 1‘
VISIBILITY (NM) % VISIBILITY (NM?} % VISIBUITY (NM) VISIBILITY (NM) %
|
<5 2. <5 2.5 <5 .9 <5 1.1 i
5 <1 4. 5 < 1.9 A<l .9 S5 1.8 |
1<2 5. 1<2 2.7 1<2 .7 t<2 2.9 |
‘ 2<5 14, 2 <D 4.7 2<5 2 2<5 10,1
5 <10 35. 5 <10 21.3 5 <10 .8 5 <1C 50.7 |
210 36. 210 67.0 210 .4 210 33.4
N= 1931 N= 18239 N= N= 13920
i Nikolski St. Paui Adak Shemya :
] VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) VISIBILITY (NM) % |
<5 13.8 <5 1.4 <5 <5 2.0
5 1.1 S5 2.1 B« S5 2.7
1<2 0.8 1<2 3.0 1<2 1<2 4.8
2<5 5.7 2<5 13.1 2<5 2<5 4.0
5 <10 35.9 5 <10 65.5 5 <10 5 <10 54.0
ﬁ 210 42.7 210 4.8 210 210 22.5
N= 2398 N= 11381 N= N= 18044
November 5 Visibility Thresholds
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Marine Ares A Marine Area B Marine Area C 1‘ Marine Area D
l
VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) % " VISIBIL TY (NM) %
<5 2.6 <5 1.4 <5 1.9 ,. <5 2.0
S< 4.1 5« 2.7 5 <l 2.0 i 5 < 2.2
1<2 8.8 1<2 5.2 1<2 5.4 | 12 3.7
2<5 15.8 2<5 11,1 2<5 4.3 | 72<5 1.5
5 <10 19.0 5 <10 26.3 5 <10 37.5 | 5<10 46.4 |
210 49.8 210 53.4 210 38.3 | 210 442
N= 1200 N= 2489 f N= Slola
Merine nise & 179-  65¢ L ~/>160 | Marine Ares F
VISIBILITY (NW) % j s T= - j VISIBILIT Y (NM) %
<.5 2.2 YV INM) % vV NW) E <5 .0
5« 2.3 <.5 3.2 .5 i S < 1.9
1<2 3.9 : 1<z 3.5
S5<1 3.3151 2 3.5
4.9 A ’
2<5 12.1 1<2 7.70 1<2 14.2 1<2 | 2 <5 10,0
5 <10 36.0 - 2<5 T34 L 5<10 33.1
‘ 2<5 16.64 2<5 16.6 . !
210 43.4 7. 715 <10 19.24 i 210 48 7
N= 6684 5<1017.245<10 27147 1 ga 6 L Ns 8415
? 210 52.0] 210 33.6) = 82 C_Q\J; |
— - N=
N= 908 | N= 253 V) L(_ = ™
- ' / /
RV "" ‘NL/ P
VV (NM) % VvV (NM) % h ) o \\ Vo
<5 1.1, <5 1.9 ' / ‘ﬁj\
5<1 2,415 3.1 ,/ \04
1<2 6.04 1<2 3.9 N
2<5 9.6 2<5 13.5 \
5<10 19.445<10 32. /3
210 61.4| 210 44.7 o
N= 1350 N= 924
VV (NM) % VV (NM)
<5 2.4 <5
S5« 2.41 5
1<2 4.2 1<2
2<5 12,11 2<5
<16 36.0f 5<10
e 210 42.9! 210 g
N= 3516 N=

5 Visibility Thresholds
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VISIBILITY (NM)

VISIBILITY (NM)
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|
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11-132
Nikol skoe Khatirka-In-Chukot Ugoi'nejs Buhta Providenja j‘
VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NW) VISIBILITY (NM) % %
<5 4.5 <5 4.4 <5 4 <5 3.7
5 <1 4.2 5 < 3.3 5 <] 1 5 < 3.6 |
b 1<2 4.6 1<2 8.6 1<2 6 1<2 6.%
2<5 10.2 2<5 0.0 2<5 .5 0 <5 156
5 <10 17.6 5 <10 7.0 5 <10 .0 5 <10 18,2
. 210 58.9 =10 66.7 210 .4 210 57,7
: N= 5460 N= 3282 N= 8 N= 447
P )
b " Norheast Cepe Nome Unalskiest [ Cape Romanzof -
k | VISIBILITY (NM) % VISIBILITY (NM) VISIBILITY (NM) % VISIBILIT Y (NM) =
] <5 3. <5 3.5 <5 2.2 <5 =
5 <l 4.6 5 <1 3.6 5 <1 2.0 5 < AL R
o 8.4 1<2 a.4 1<2 2.2 |l 1<2 gy
2 <5 17 7 <A 9.5 2<5 5.4 z 2<5 4
& <10 38. 5 <10 24.5 5 <10 26.7 |1 5w 32
ESN 57, 210 545 210 61.5 |l 210 31
Nz = 21808 N= 1585 1 NE R
_ . L .
C:p;;o;unham T [—;m Salmon ‘ﬂr Port Heiden I J Cold Bay o
SIB LT (NM VISIBILT Y (NMD . VISIBILITY (NM) VISIBIL T (NM i
<5 <5 | <5 5.0 <5 5
5 <1 s 3.5 5 N
%, 1<2 1<2 2.2 <D
o 25 <5 7.2 0<5
SR 5 <10 5 <10 23.6 g <G
i 21 210 =3le 58. 3 21C
N N= M= 1986 Nz
>E;:k_i4— St. Paul Adak Shemys o

VISIBIL TY (NM:

[ <5 1.4 <5 <.5 1.4 <5 o.F
SR 1.7 SRS 5 <1 2.0 S EOS
1<z .5 1<2 1<2 4.8 RN TR
2 <5 7.0 2<5 2 <5 17.9 - <5 C L

5 <10 39.2 5 <10 5 <10 69.9 5 <10 o
21C 38.2 210 210 3.9 2'0 e
N= 2228 MN= N= 168 N= ATl
December 5 Visibility Thresholds
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]r Marine Area A Marine Area B —} Marine Area C ﬁ“ Marine Area D T
VISIBILITY (NM) % VISIBILITY (NM) % VISIBILITY (NM) % [ VISIBILITY (NM) % |
1
<5 6.2 <5 4.8 <5 3.4 \ <5 2.9 {
R 6.2 5« 5.2 5 < 3.9 l Rd 2.2 ]
i 1<2 16.1 1<2 10.5 1<2 6.2 H 1<2 4.4
2<5 16.7 2<5 13.1 2<5 4.2 1 243 1.2
5 <10 14,7 5 <10 22.4 5 <10 31.4 }r 5 <G 35.C
I =z10 401 210 44 .0 210 0.9 | zc 443
| N= 2045 N= 3267 N= 3467 | H= 6226
[ L i
Marine Ares E 73 58 R 18 a ”: j (J 170 “Z - ’;H““r;t i Marine Ares F
VISIBILITY (NM) 3 ),.\/7 S a=- V”‘S\‘/ T L vseameom %
pN i v (MY % : ) _ o
<.5 2.6 ~ A AL SR EVVECU I S A \ /,‘ <8 el
5 < 2.7 s sl es gales0n o 2.8
<2 4.7 5<1 6.2,5<1 6.8,5<1 P a7 o< 4.5
2<5 13.3 ) 1<2 16.6| 1<2 15.4¢ V<2 a0t 2<5 €3
10 . N : ' .C =<t 3.7
| 5;0 i?.g TN )2<5 16.842<5 17.4) 2 E o‘\ ;: :%.9
L - 5969 A 5<10 10.4{5<10 28.7}5<° 8.0 = 7373
i i 210 a4.2( 210 24.74 2© 56 o Fd
! - /</ :’ J N= 1605 M= 397 § N ¥ ’ -
o ."‘ ’%} 7““’; { " ‘;;*‘i— - - \
l <5 # 1 XY 0 T“t‘_-—:_i St U \ woaw =V
I-5 <7 4 9 ! <.5 - ﬂ A T % vV (NM) % ' ALLE B 5 1.9
/ T<o "_5<7 8} <5 p 4;%——— z —_— 5 7 <5 4.04 '<,\ )
‘l2<5 7-5 { 1 4.O{.S<1 ’ <5 3.9 <5 -1 1 4.5"5 .5‘
’ ] <2 0.5 7.81.5<1 5<1 6.942¢ | 1<2
5(10 .o 0,3’ 1<2 ). 3.6}. <2 7.1\ 8-9\
Y2 176 520 17 7.8 1<2 11.8y 1<2 10.0} ! | 245 v
<10 SNBERY ot 2<s ‘ 2¢5 16.2} 20.8° 7
! pe 54,2,210 30 s ens 11,991 2<5 12,74 2<5 13.51 . 15 <10 5!
s ! 574§ 00 444 ayy [7415<10 17.2145<10 26.5§5<‘O e et 20 520
Smm. 4 2y 20 4861 zi0 50,71 210 37.41 2V ezt n= T
N i 218 N= g2t N= 1538V NT ! -t
_—— A \
Y St SRS f— e B
[} <.5 z vy (NM) (NM) % L 3.6
[ 3.6 < z RACLIE v % § WY 58 p <D 58 \
1S 34 S 274 <5 3.2y <5 2.3} <5 s 15 B\
' <o 5«1 > 15t 2. ¢ A%
/> 5.91 - 815<1 26150 2.2%. 2 oV 2.7
1< <5 <2 5 .40 4.4 4142 D R N
'5 < 3.1t : <2 5.6} 1<2 : 11.5% 2 35.8
175100 33 S 13,01 245 b 2¢5 12.612<3 RRCRAY R
- 40.g | 5.9 15<10 34.5)5<10 35.415 1} 20 93 \
50. N= [ 210 4 : 210 A4, _ A8 )
e 2673 l = 0.1 7 210 41,11 z10 43.0} 2% 5182 = P
e 3266 | N= 3259 ! Nz 3754 | N= -
| ]L‘M - — —— \ |
/ T ‘ ;
/ ! {
| | ‘ | |
i i j R
5 Visibility Thresholds December
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H-135

Map 6. Cloud amount

BLACK LINE — Percent frequency of total cloud amount £2/8.
BLUE LINE — Percent frequency of low cloud amount 25/8.

Albers Equal—Area Conic Projection

Graphs: Cloud cover/wind direction

___—— Totai Cloud Amount i Cumulative percent frequency of indicated cloud amount equal to or less

—

- Low Cloud Amount than the amount intersected by the curve.

CLOUD AMOUNT IN EIGHTHS
2 3 4 5 6 7 8 _.-- Obscurstions.

- P (78% of all total cloud amounts were <7/8.)

1

-’ .--- {67% of all low cloud amounts were $4/8.)

“isss %
Lo (29% of all SE winds were accompanied by low cloud
L7 amounts 25/8 and 12% by low cloud amounts 27/8 )

_---" An asterisk indicates that the percentage is based on
10-30 observations of wind direction, total and low
cloud amount. O replaces bar graph when no low cloud
amounts 25/8 were observed with a wind direction or
caim. O or bar is omitted when number of observations
of total and low cloud amount from a wind direction

NW C or calm is less than 10.

68 from each direction and calm that were accompanied
2778 by low cloud amounts 25/8 and 27/8 (including ob-
scurations). Low clouds are clouds with bases <8000 feet.

l s,s g Low cloud amount: Percent frequency of observations

AMOUNT

o

T L LOuUbD

N NE £ SE ) SW

TC 1234 (SOLID LINED LC 1056 =- - - - .. Number of total cloud (TC) and low cloud (LC) observations.

A survey of the cloud data (total and low cloud amounts) from the marine data base shows the number of total cloud reports
significantly greater than that of low cloud amounts. This is because many of the early marine observations contain only totai
cloud amounts. Therefore, somewhat different samples may be used to compute the two curves on the graph. This may lead to
inconsistencies where the low cloud amount appears higher than the total cloud amount. Where this occurred, the graph was
adjusted in favor of the total cloud by making the curves coincide. The frequency of obscured conditions may be determined
from the graph by subtracting the cumulative percent frequency on the curve corresponding to 8/8 coverage from 100%. In com-
puting the bar graph, obscurations are considered as 8/8 coverage.

For the two isopleth presentations (total cioud amount < 2/8 and low cloud amount >5/8), only those observations reporting
both total and low cloud amounts were summarized. This helps eliminate probiems introduced as a result of different size data
sets. A comparison of total cloud analyses based on satellite data by the U.S. Department of Commerce and U.S. Air Force (1971)
shows a fairly close agreement with, and bolsters the confidence in, the marine cloud statistics presented in this atlas. Refer to
the texts in Sets 3 and 4 for additional information on clouds.

6 Legend Legend 6
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Map 7. Air temperature extremes (°C)

BLACK LINE — Maximum (99%) air temperature (1% of temperatures were greater than the
given value).

BLUE LINE — Minimum (1%) air temperature (1% of temperatures were equal to or less than
the given value).

Albers Equal—Area Conic Projection

Graphs: Air temperature/wind speed

___________________ Percent frequency of simultaneous occurrence of specified

1694 a7 Wind Speed (knots) temperature (°C) and wind speed (knots).
TEMP 10— [4- |11- 22— “~._ Number of observations.
o 3] 10 2 33| 234
8,9 +| +] 4+ 4]+
6,7 + 1 2 P S
45 1 71 13 9 VT (2% of all observations reported temperature 6-7°C
2,3 2 51 11 6 ] simultaneously with wind speed of 22-33 knots.)
0,1 1 3 5 4 +
-2,~1 1 2 4 3 1
-4,-3 + ! 41 3| A=l
-6,-5 + 1 1 1 1 "*-- + Indicates <.5% but >0.
-8,-7 o] +| 4| +| +
-10,-9 O + + + +
-12,-1 0 0 0 0 0

Air temperature is one of the elements most frequently observed by mariners. On many ships, the heating effect of the
ship’s structure has a tendency to produce higher than actual ambient air temperature readings because of instrument ex-
posure. This is especially true under calm, sunny conditions. Despite the inaccuracies, the large-scele patterns and mean gra-
dients of the isopleth analyses are relatively accurate.

The temperature scale of the graphs varies in both range and class interval. The graph can be used to determine the extent
of human discomfort from the combined effects of extreme heat or cold and winds, or to estimate the likelihood of superstruc-
ture icing. Refer to Section | of this atlas for detailed information on superstructure icing and wind chill.

7 Legend Legend 7
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